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PUBLISHER’S FOREWORD 


the motor car owner. Through sheer worth and practical 

value this book has won its place as the leading handbook 
published on the modern automobile. Now in its Fifth Edition, 
it is about to pass the One hundred thousand mark—a remarkable 
record for any technical book of necessarily high cost. 


A BOOK, such as this, is as important as gas, oil and tools to 


The manufacturer of your car has placed in your hands a wonderful 
piece of mechanism; we are apt to overlook this fact in anything 
so commonplace as an automobile. Just what you get out of it, 
in utility and pleasure, now depends upon yourself. | 


The purpose of this book is to make it possible for you to easily 
maintain your car in perfect condition; to understand, clearly, its 
every part; to make it easy for you to get maximum mileage at 
minimum cost, maximum comfort and utility with a minimum 
of trouble and inconvenience. 


The author, H. W. Slauson, M.E., is one of the leading automotive 
engineers of the country; chairman of The Metropolitan Section 
of the Society of Automotive Engineers; Motor Editor of JupcE; 
an authority of national reputation. 


There is a simple reason for every part in your car. In this book 
Mr. Slauson explains the why of each part, its construction and 
functions, just how to maintain each part in first-class operating 
condition. In the event that trouble does develop, he tells just 
how to locate it and the how of the remedy of the difficulty, no 
matter how slight or how serious, in terms that are easily under- 
stood by everyone. 


As a motor car owner or driver, this book will prove to be worth 


its weight in gold to everyone who makes full use of it. 


Tur PUBLISHERS. 
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PREFACE 


VERYMAN’S CAR is as good—or as poor—as he makes it. 
Neglect of adjustments or slight repairs will soon ruin the 
best car made. A deficient car, on the other hand, may be 

“nursed” along for thousands of miles and be made to give fairly 
good service, when you understand its defects and put a little time 
and thought on their remedy. 


This book is not a text-book; nothing in it is to be committed to 
memory; it is a practical, complete operating and maintenance 
handbook for the motor ear owner who realizes that it is well worth 
his while to understand his car. The book is full of practical 
information and nothing else. 


Tt tells you what you can do when anything goes wrong and the 
simplest, easiest, quickest way to do it. 


It tells you how far the average car owner may go in making his 
own adjustments and repairs and what jobs are best turned over 
to garage or service station. 


It tells you how to avoid the petty annoyances that too often detract 
from the value and pleasure of a car and how to maintain your 
car in the snappy condition in which it was delivered to you. 


It is written for everyone who Owns a car, Drives a ear, Sells a ear, 
Repairs a car. It gets right down to useful facts that are easy to 
find and plainly labeled. 


You do not have to thumb through the whole book to find a thing 
—work direct from the Illustrated Index, the whole book is self- 
indexing. 

Your car may seem like a collection of mysteries; considered as a 
whole it is a complex piece of mechanism. But it is built up of a 
number of parts, each of which is simple in itself and easily under- 
stood—think of one part at a time and mystery and complexity 


disappear. 


Men who drive their own cars need not be “stumped” at anything; 
turn to the book, make your diagnosis, apply the remedy. 


H. W. Stauson, M.E. 
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SECTION I. THE ENGINE 


CEE ise: 
LUBRICATION 


Object of Lubrication. 


Lubrication, whether by oil or grease, is intended to keep moving sur- 
faces separated, so that actual contact of the metals is prevented as far 
as possible. If it were possible to maintain absolute separation at all 
times there would be practically no wear. This, however, is not pos- 
sible, and even under the best of conditions a certain amount of rubbing 
contact occurs, with consequent wear. 

There is no such thing as an absolutely smooth surface. Under the 
microscope the most highly finished surface it is possible to produce 
shows a minute roughness, and the rubbing together of two surfaces 
results in the tearing off of the little high spots. The particles of metal 
mingle with the oil and in time cause it to deteriorate, even if no other 
foreign matter gets in. 


Using the Right Lubricants. 


The best lubricant is that which keeps the surfaces most effectually 
separated without, however, being so thick or viscuous as to unneces- 
sarily retard motion. No one lubricant is best under all circumstances. 
Different kinds of mechanism and different mechanisms of the same 
type require different lubricants. Where the surfaces are small and 
the pressures heavy it is necessary to use a heavier lubricant than where 
the surfaces are large and the pressures light. For instance, the teeth 
of gears usually require a heavy lubricant, such as grease or heavy oil; 
otherwise the pressure would squeeze the jubricant out and the metals 
would come together. The pressure of a piston on the cylinder walls, 
on the other hand, is comparatively light; so a thinner lubricant is used. 

The design of an engine, or any mechanism, for that matter, is an ex- 
ceedingly important factor in deciding upon the lubricant to be used, 
and in practically all cases manufacturers go to a great deal of trouble 
to determine what is best. 

It is always wise and safe to use the lubricant recommended by the 


manufacturer. : 
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The laree manufacturers of lubricants in many cases have made ex- 
haustive tests and specify the lubricants to be used for various parts of 
practically all the cars on the market. The charts issued by these con- 
cerns are reliable guides to proper lubricants. 


Engine Oils. 

Under no circumstances must any oil except especially prepared oil 
be used for the engine. The high temperature quickly makes any other 
oil useless, no matter how excellent the oil may be for other purposes. 

A good oil in the wrong place is a bad oil. Poor oil 1s bad anywhere. 
The man who economizes in oil quality pays for it m the wear on his 
machine, and pays heavily. This is a hard, praetical fact and not a 
theory. 

Under normal working temperatures the oil in the engine becomes 
much thinner than when cold. This is the reason an engine may be stiff 
and hard to turn over when thoroughly chilled, though it will move 
freely when warmed up. If the oil is too light when cold it will become 
so thin when hot that it will fail to separate the moving surfaces-—in 
other words, it loses its lubricating value. 


Why tie Engine Smokes. 


A smoky exhaust is due to the presence above the piston of an excess 
of oil, which makes a bluish or gray smoke. Too much gasoline in the 
mixture makes a black smoke. The two smokes are readily dis- 
tinguished, both by sight and smel.. 

Smoke from lubricating oil is due to: 

An over-supply of oil. 

The use of the wrong kind of oil. 

Wear of pistons, of cylinder walls, or of both. 

Broken, defective or inefficient piston rings. 


How to Stop Smoking. 


See that the supply of oil is right. In practically all cases this is 
made a simple matter. Oil gauges are fitted to some engines to show 
the level, and the instruction book indieates-at what point the indicator 
should stand. In some cases there is a pet-cock which is left open when 
the oil reservoir is filled, and when oil runs out of the cock the filling 
should be stopped. Simply make sure that you are using the right | 
quantity of oil. 

Using the right kind of oil is a matter of knowing what you should 
have and getting it. 

This does not mean necessarily that only one brand of oil should be 
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used. There are many good brands on the market. If you cannot get 
the brand recommended by the maker of your engine, find out what oil 
of the brand you can get is recommended by the oil manufacturer for 
your engine. 

If pistons and cylinder walls are worn the fact will be made apparent 
by loss of compression. This, however, is by no means the only cause 
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HOW MUCH OIL HAVE YOU? 


The various types of indicators to show the height of the oil in the engine reservoir. (1) Straight 
ball and float type. (2) Tube and pet cock system. (3) Float and indicator type. (4) Horizontal 
pet cock type. 


of weak compression. For details on this head, see Chapter 3 on Pis- 
tons and Cylinders, and do not jump at the conclusion that there is 
wear there because of poor compression. This is important. If, how- 
ever, smoking is due to this cause the fitting of new pistons and the 
reboring of the cylinders may be necessary. In many cases the fitting 


e-: 


k EVERYMAN’S GUIDE TO MOTOR EFFICIENCY 


of new piston rings will be sufficient. All of this is covered in detail in 
Chapter ITT. 


Effects of Poor Lubrication. 


The most serious effect of poor lubrication is abnormal wear, and 
this is found in its worst form in the cutting or scoring of the cylinder 
walls. This means that grooves or seratches are cut which may be 
deep enough to allow leakage from the combustion chamber into the 
crankcase. 

Leakage into the crankease is followed by several evils. The com- 
pression is not held, and the engine loses more or less power, accord- 
ing to the depth of the scoring. Oil works up in excessive quantities 
and burns in the combustion chamber, forming a deposit which in time 
bakes very hard. Particles of this deposit are heated by the burning 
charges and, remaining hot until the fresh gas is admitted, fires it pre- 
maturely and causes pre-ignition, which means further loss of power and 
an annoying knock. 

In extreme cases the engine may continue to run after the ignition 
switch has been opened, or turned off, the incandescent carbon forming 
a sort of ignition system. This does not happen unless the engine is 
very badly carbonized. Closing the throttle will stop it. 

Insufficient lubrication will cause the bearings to wear with abnormal 
rapidity. A serious shortage of oil will result in the setting up of so 
much friction that the bearings will heat, destroy the last vestiges of 
oil and cut themselves badly. Finally, if the bearings are reasonably 
closely fitted, they will seize or grip tightly. 


Effects of Seizing. 


In an extreme case the seizing of bearings may wreck the engine. <A 
big-end bearing—the bearing of the lower end of the connecting-rod 
on the crankpin—may seize so hard that the connecting-rod will be 
bent or broken. The broken rod may thrash around and punch holes 
in the crankcase, or bend the crankshaft, or shoot the piston upward 
with such force as to smash it and perhaps crack the cylinder head. 
The piston may fall into the crankease and cause great damage. In 
fact, almost anything may happen. 

If the bearings are of bronze, seizing, if it does nothing worse, is 
likely to cut or score both the bronze of the bearing and the steel of the 
crankpin, so that a repair job will include the removal of the crank- 
shaft and the refinishing of the crankpins in the lathe in addition to the 
fitting of new bearings. If the bearings are lined with babbitt the heat 
will melt the soft metal and let it run out. The crankpin may escape 
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damage if the engine does not continue to run after the bearing has 
burned out. 

This is simply to give an idea of the seriousness of improper or in- 
sufficient lubrication. Bearines and their care are fully covered in 
Chapter 2. . 

When there is leakage past the piston there is not only a working up 
of oil, but a downward 
seepage of gasoline into 
the crankcase. The 
lighter part of the gaso- 
line evaporates and 
passes out through the 
breather but the heavier 
part, mostly kerosene, 
condenses and mixes with 
the oil and thins it out 
until, in time, it becomes 
practically useless as a 
lubricant. This is partic- 
ularly true of the commer- 
cial gasoline that is every- 
where supplied. The 
kerosene has been increas- 
ing in proportion until 
now (1919) it forms about 
30 per cent. of the total. 
So it does not take long 
for sufficient kerosene to 
collect in the crankease to 
seriously affect the oil. 





j : ; A CROSS-SECTIONAL VIEW OF A TYPICAL GASOLINE 
The time required will of ENGINE 


4 5 The operation of the lubricating system may be easily fol- 
7 ] W C 
course V ary ith the lowed by noting the oil reservoir and sump in the bottom into 


2 yp ir o done which the connecting rod scoop is about to dip, the cam-operated 
amount of runni 1s ’ oil pump at the left, in the center, and the supply and dis- 


and the condition of the charge pipes which connect this with the sump and the rest of 
pistons and cylinders, but ae 

even with the pistons and cylinders in good condition kerosene may and 
often will work down. 


e 


Necessity for Changing Oil. 

The oil in the crankease or reservoir should be changed at fairly fre- 
quent intervals. It is impossible to give a rule for this because the re- 
quirements of different engines vary greatly. The safe thing is to 
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change oil at least as often as called for by the car builder’s instrue- 
tions. It is well to drain out the old oil in the evening, letting the 
drain-cock stand open all night and flushing out the eae with kero- 
sene, being careful to let all the kerosene drain out. 

The reasons back of this oil changing are important. Oil naturally 
deteriorates because of the heat, which sets up chemical changes. Then 
there is the admixture of kerosene already referred to. Equally bad 
is the accumulation of particles of metal from all the wearing surfaces, 
and added to this is a certain amount of dust which inevitably works 
in. Bear in mind that all the solid matter that gets into the crankcase 
and the oil stays in and gradually gets the oil into a worse and worse 


condition, forming a mixture that is very hard on wearing surfaces, . 


cutting them much as emery would cut. Hard particles of carbon also 
get in and make matters worse. 

Thus it will be seen that simply adding sufficient oil to keep the level 
at the proper point is altogether insufficient. The solid matter remains 
and keeps up its deadly work. It is well to reiterate that economy in 
oil is paid for at the price of engine life. Change often and save in the 
long run. 

Oil should be changed more frequently in a new engine than in one 
that has been running long enough to ‘‘find itself’? or get worked down 
to a normal running condition. New bearing surfaces yield more par- 
ticles of metal than surfaces that have been worked in for a while. 
Then there are unavoidably some particles left in the engine in the 
factory. 

No matter how well the engine is equipped with straining devices all 
this dust will go everywhere with the oil. It is much too fine to.be kept 
out by strainers. The strainers will take care of anything that is likely 
to clog the pipes or the pump, where these are used, but not the fine, 
cutting dust. 


Types of Lubricating Systems. 


The simplest of all lubricating systems, and the basis of the systems 
in common use, is the splash system. Oil is carried in the bottom of 
the crankease and the lower ends of the connecting-rods dip into it. 
Revolving so rapidly, they throw the oil to every part of the engine. 
As a matter of fact ‘‘splash’’ is not quite the proper word. The oil is 
thrown into a fine spray, and in this form readily penetrates everywhere, 

The usual form of splash lubrication is the constant level type. 
There is a trough directly under each connecting-rod, and when the 
trough is full the rod dips to the proper depth. Below the row of 
troughs, in the very bottom of the engine, is an oil reservoir or sub- 
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base. A pump driven by the engine draws from the reservoir and de- 
livers it in a steady stream to the troughs, keeping them always sup- 
phed. The pump delivers much more than enough oil, and the surplus 
immediately drains off and runs back into the reservoir. Thus the 
oil is always circulating and there always is enough in the troughs as 
long as there is oil for the pump to pick up. Often the oil is pumped 
first to the gears at the front of the engine which drive the camshaft, 
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DIAGRAM OF THE CIRCULATING SPLASH OILING SYSTEM 
The course of the oil is indicated by the short arrows. If these are followed closely it will be seen 
that each vital part of the engine is lubricated over and over again by the same oil. The oil, however, 
wears and loses its lubricating quality, and for this reason it must be renewed at frequent intervals. 


magneto shaft and other auxiliaries, keeping the gears flooded and 
then running to the troughs. The gears are of course in an oil-tight 
case. 

Large oil-holes are provided leading into the bearings, so that the 
sprayed oil collects and runs in copiously. The lower ends of the con- 
necting-rods have little scoop-shaped projections opening into holes 
in the lower bearing caps, so that the crankpins are assured of plenty 
of oil, and at the same time the spoons help throw the oil around. 

The chief reason for using a separate trough for each connecting- 
rod is to prevent the oil from running to one end of the crankcase on 


8 EVERYMAN’S GUIDE TO MOTOR EFFICIENCY 


a grade and so giving one end of the engine too much oil and the other 
end none at all. 

Keeping the oil constantly in circulation tends to keep it cool and 
prevent the thinning resulting 
from too high a temperature. 
The oil from the hotter parts of 
the engine eventually drains back 
to the cool sub-base and its tem- 
perature is considerably reduced. 

The oiling system of the Ford, 
like many other features of that 
machine, is peculiar to itself. It 
is a constant level splash system, 
with no pump, however, and no 
reservoir under the engine. 
Troughs are cast directly in the 
bottom of the crankcase and the 
OIL SCOOP ——> oil drains back to the bottom of 

THE ORANKPIN AND ITS OIL SCOOP the housing which encloses the 
ee eae rere due ti and the libaieony) fey Neel Magnet yas Ure iies 
8 ree ne, this No alt parts of the bearing, 8100. The oil is picked up by the 
The nner bearing surface is lubricated trom the flywheel from the bottom of the 

housing and is splashed into the 
funnel-shaped end of a pipe which leads forward to the camshaft gears 
at the extreme front end of the engine, whence it drains back to the 
troughs and ultimately to the flywheel housing again. 
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PLUG PRESSURE-LUBRICATED ORANK SHAFT 
The crank shaft is drilled as indicated by the dotted line and the unused openings are then plugged 
as shown. The oil can then be forced through the hollow portion of the crankshaft only to those bear- 
ings which are to be lubricated by the oil holes. 
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In the combination force feed and splash system oil is foreed by a 
pump to the main bearings of the crankshaft and sometimes also to 
the lower bearings of the connecting-rods. <A surplus of oil is pumped 
and the oil running out of the bearings drains into the splash troughs, 
whence it is sprayed to the other parts, including cylinder walls, cams 
and so on. 

Where the oil is pumped only 
to the crankshaft bearings— 
usually called the main bearings 
—it is necessary only to lead 
the oil through pipes or pas- 
sages to holes in the bearing 
housings. Where the connect- 
ing-rod big ends are included in 
the foree-feed system the crank- 
shaft is drilled lengthwise and 
radial holes are drilled to con- 
nect the longitudinal passages 
with the bearings and the pump 
supply. The holes in the crank- 
shaft which take the oil from 
the supply pipes, and the supply 
pipe openings, come together in 
each revolution. 

Occasionally the force feed 
system is extended to the piston- 
pins or wrist-pins. This neces- 
sitates running pipes up from 
the lower connecting-rod _ bear- 
ings to the wrist-pins. Thence RR 
it is easy to lead the oil through PRESSURE-LUBRICATED WRIST PIN 
the wrist-pins to the cylinder Poe 


A drilled crank shaft communicates its oil pressure 


walls. When all parts are oiled to the pipe connected with the crankpin bearing and 
aha extending up the connecting rod to the hollow wrist 
by force feed it 1S called a full pin. The oil then travels downward and lubricates 
x the cylinder walls. 
force-feed system. No dip- 
troughs are used, the oil running from the bearings returning to the 
oil reservoir. 

In force feed systems the oil is under pressure which sometimes is 
considerable. The pressure increases with the speed of the engine, 
so that the flow of oil is automatically proportioned to the require- 
ments. Means are provided for regulating the pressure, mainly to 
prevent the delivery of too much oil to the cylinder walls. Usually 
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part of the oil is diverted and instead of going to the feed passages 
returns directly to the oil reservoir. A relief-valve, or safety-valve, 
oO SE opens automatically should the pressure ex- 
ceed a predetermined maximum. A gauge 
on the instrument board shows the pressure 
Lonsituoinat and also serves to indicate that the system 
is working. 

A gauge or indicator is commonly used 
with constant level splash systems to show 
that the oil is flowing. The simplest type, 
SRHESUREPED (CRINGE SHAE a0 One: Qiien used" 1c merely a little cham- 

The oil is fed through the central her on the instrument board with the de- 
hole and then forced radially through |, i ; : 5 
the four openings, thus lubricating all livery pipe from the pump leading into it 
parts of the bearing surfaces. : ° 5 

and the feed pipe leading out. A glass in 
the front gives a view of the flowing oil. 
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Types of Oil Pumps. 


The pumps used for circulating oil are gear pumps, plunger pumps 
and vane or centrifugal pumps, the latter, however, bemg in the great 
minority. The gear pump is 
simply a pair of ordinary 
gears closely fitted into a cas- 
ing with their teeth accu- PACKING “GROOVES 
Tately meshed. Suctiom 2°. 
takes place on one side of the 
point where the gears mesh  guetion vaive 
and delivery on the opposite 
side, the gear teeth carrying 
the oil around. The plunger —connecmiow 


FOR PIPE T 


fe) 
. 5 OiL RESERVOIR N i 
pump is a small piston and soe em gee 
cylinder affair with ball cheek The rotation of the cam forces the plunger in, while the 


L = sh) - spring furnishes the power for the return. This back- 
valves ; the plunger 1S driven and-forth motion pumps the oil at the necessary pressure 
either by a cam or an eecen- from the reservoir to the indicator and circulating system. 

- . The ball checks are automatic in their operation. 
tric, usually the former. 
The vane vamp has a set of revolving paddles or vanes in a casing and 


is similar to the vane water pump, but smaller. 


NNECTION FOR PIPE 
COON GNoicaTOR 
ON INSTRUMENT BOARD 





Cleaning Lubricating Systems. 


Foreign matter naturally collects in the bottom of the oil reservoir 
and lighter particles are caught by the oil strainers. Therefore it is 
ordinarily sufficient to flush out the bottom of the oil reservoir, or the 
bottom of the crankease, and the oil troughs, with kerosene, and to 
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thoroughly clean the strainers by sloshing them in kerosene. In many 

ears the oil pump and strainer can be taken out with little difficulty 
for cleaning. A thorough flushing with kerosene, however, usually 
results in thorough cleaning. 

As has been pointed out, it is a good thing to let the old oil drain 
out of the reservoir over night and to 
flush out with kerosene in the morning. 
If the kerosene comes out very heavily 
charged with foreign matter a second 
flushing should be resorted to, and even 
a third, if there still seems a need for it. 

After a car has been driven about 500 
or 600 miles the lubrication system 
should be thoroughly washed out. 

To wash out, drain the reservoir thor- 
oughly while the engine is hot. Fill up 
to the normal oil level with a mixture of 
three parts of kerosene to ONE PART OF 
THE USUAL LUBRICATING om Start the The intermeshed teeth fit perfectly and 

‘ produce a suction and de:ivery ac.iion on 
engine and run it for about a minute at _ the oil. If the oil reservoir becomes empty 
. ‘ this type of pump may require ‘‘priming.”’ 
normal road speed. Drain out the mix- 
ture, clean the sereen and the oil pan and fill up with oil in the usual 
way. 

If for any reason the engine oil becomes abnormally fouled it would 
be well to wash out as described more frequently. Watch the oil. The 
condition of the lubricating oil drained from the reservoir in the 
ordinary way will be a guide to the cleaning needed. 

In a lubricating system in which a pressure relief valve is used this 
valve should be cleaned occasionally to ensure its proper working. See 
that there is no dirt to interfere with the free movement of the spring 
and the proper seating of the valve. Do not change the adjustment; 
this is set at the factory and should not be altered except by an expert. 
In cleaning the relief valve, or overflow valve, be careful that no thread 
or lint from the cloth used gets in. 





GEAR PUMP 


Pressure System Points. 


Some cars with pressure lubricating system run normally with higher 
pressures than others. Do not, therefore, assume that your car’s 
pressure is too high or too low because it differs from the pressure of 
some other car. An average pressure is five or six pounds when the 
ear is running 10 or 12 miles an hour. If running on a low gear, with 
the engine speeded up, the pressure will of course increase, as nit 
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rises with the speed of the engine, and not with the speed of the car. 
In some cases there is a connection between the throttle and the oil 
pump or a tilting trough, so that the wider the throttle is opened the 
ereater the supply of oil becomes. This connection is adjustable so 
that the needs of the individual engine can be accurately met under 
all conditions. Some cars use a very much higher pressure than the 





‘Nae! 
THE EIEART OF THE LUBRICATING SYSTEM 
A sectional view showing the inside of the crank case of a six cylinder engine. The four main 
crank shaft bearings and the six connecting rod bearings are plainly shown. In addition, each cam and 
roller as well as the individual push rods must receive their share of lubrication. The wavy white line 


extending close to the bottom of the crank case indicates the individual oil compartments into which each 
connecting rod scoop dips. 


average. lind out what is the normal pressure for your car, and see 
that it is maintained. 

Pressure will vary in a given car and at a given speed even if every- 
thing is normal. For instance, when the engine is still cool the oil 
will be comparatively cool and thick, and this will run the pressure up 
somewhat; it will drop to normal when the normal working temperature 
has been reached. 

Oil that has been used for some time becomes thinner, as has been 
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pointed out, and this brings pressure down. In fact, the oil pressure 
gauge is a fairly reliable indicator of the condition of the oil in this 
respect. Running the engine continuously on too rich a mixture will 
tend to thin the oil through the condensation of the kerosene in the 
gasoline and its seepage into the crankcase, and this will show up in 
the reduced pressure on the gauge. 

If the pressure gauge does not indicate pressure when the car gets 
up to a speed of ten miles an hour or thereabouts, do not continue to 
run it. The most likely cause, if the oil is reasonably fresh, is that 
the pump requires priming; that is, it must be filled with oil to enable it 
to suck. Disconnect the pipe immediately over the pump and pour 
in all the oil that can be put in with an oil gun. Be careful to make 
the joint tight when connecting up again. Plunger pumps in good 
condition do not require priming, but gear pumps, which are used more 
than any other type, are not as strong on suction, and when they run 
dry will sometimes need priming before they will start. In this respect 
they are much like the old-fashioned country pump which had to have 
water poured down its barrel before it would go to work. 

Before assuming that the pump is at fault make sure that the oil 
level is right, that the oil gauge is not sticking and that the oil is not 
too thin. 


Cold Weather Points. 


In winter condensed moisture on the inside of the engine is apt to 
mix with the lubricating oil to some extent. If there is considerable 
water the churning of the connecting-rods may cause it tO. L0rmM asort 
of emulsion with the oil; this is a thick mixture which may prevent the 
pump from working. Or the water may freeze where it naturally col- 
lects in the bottom of the reservoir and thus block the pump. 

For these reasons it is well to change oil oftener in winter than in 
summer, in proportion to the amount of running done. If the engine 
is frequently warmed up and cooled down, as by a succession of short 
trips, the condensation of moisture will be greater than for the same 
mileage in a continuous run. 

Water, being heavier than oil, tends to sink to the bottom and will 
do so unless made to mix with the oil by the churning of the rods, as 
described. As the pump draws from low down in the reservoir it 1s 
likely to get charged with water, and this may freeze in the pump and 
cause it to smash when the engine is next started up. 

Drain the oil frequently in winter, and drain it when the engine is hot. 
Cold oil will not flow freely, and will not carry out all of the dirt with it. 
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Winter and Summer Oils. 


In cold weather it is usual to change to a winter oil, which is of 


OIL GROOVE 
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STOPPING A SMOKING CYLINDER 


The oil groove cut in the bottom of the piston 
serves to scrane the excess lubricant from the cylin- 
der walls. The holes allow all the unused oil to 
drain back into the crank case. 


lighter body than summer oil. In 
some cars this is not considered 
necessary. Follow the maker’s 
instructions. 


Drilled and Grooved Pistons. 


Some pistons are provided with 
grooves, usually below the wrist- 
pin, to collect surplus oil from the 
cylinder walls. Holes drilled 
through to the inside of the piston 
from the bottom of the groove 
carry such oil back to the crank- 
case. More often the pistons have 
plain oil grooves which act as little 
oil reservoirs, picking up oil where 
there is a surplus and carrying it 
around to points where the supply 
is less copious. 


WHAT YOU SHOULD KNOW AFTER READING CHAPTER I 


What is the object of lubrication. 

What kind of oil should be used in the engine. 

What are the causes of engine smoking. 

How smoking can be stopped. 

What may be the effects of poor lubrication. 

What is meant by the ‘‘seizing’’ of a bearing. 

What may be the effects of seizing. 

Why should crankease oil be changed. 

How too rich a mixture affects lubrication. 

How the engine is affected if the oil is not changed. 
What is meant by splash lubrication. 

What is constant level splash. 

How oil is kept in circulation. 

How circulation benefits the oil. 

What is meant by force feed. 

How a lubrication system works where there is no splash. 
What prevents excessive pressure in a force feed system. 
How the driver knows whether his oil is flowing or not. 
What types of pumps are used for circulating oil. 

What is the method of thoroughly washing out a lubricating system. 
What is the average pressure in a force feed system. 
What causes pressure to vary while the car is running. 
How oil temperature affects pressure. 

What is the effect of oil on pressure. 

What should be done when the pump does not deliver oil. 
How water gets into the oil in winter. 


What effects may follow an accumulation of water. 
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CHAPTER II 
BEARINGS AND THEIR ADJUSTMENT 


Why Bearings are Important. 

The bearings are subjected to greater strains and to more rapid 
wear than any other part of the engine. This is unavoidable because 
the space available for bearings is none too large at best, and the 
smaller the bearing surface the more rapid the wear, other things 
being equal. Bearings are made as large as it is practicable to make 
them, they are made of the best possible materials, they are provided 
with means for adequate lubrication and, in most cases, they can be 
adjusted. Having done this, the manufacturer has gone as far as 
he can, and the rest is up to the man who uses the ear. 

The user must see that the lubrication is attended to as it should be 
and that adjustments are made when required. If these two points 
are given reasonable attention bearing trouble will be rare. 


Bearings, Journals and Shafts. 
Properly speaking, the bearing is the smooth, carefully-finished and 
fitted hole in which a shaft runs. The part of the shaft that turns in 








ORANK-SHAFT AND ITS CONNEOTING-ROD BEARINGS 


The smooth surfaces between the crank-case edge are the journals which fit in the main bearings 
‘The connecting-rod bearing is sometimes known as the ‘‘big end’ where it encloses the journal of each 
crank-pin, The upper or smaller end of the connecting rod is known as the wrist pin or piston pin 
bearing. : 
16 
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the bearing is called the journal. The erankpin, for instance, is all 
journal, for there is no part of it that is not in the bearing. A very 
small shaft is usually called a spindle. The main bearings are the 
bearings in which the crankshaft turns. The connecting-rod_ big-end 
bearings, or the crankpin bearings, are the bearings at the lower or 
big ends of the connecting-rods. The wrist-pin bearings are the bear- 
ings in which the pins connecting the upper ends of the connecting- 
rods with the pistons turn—or rather oscillate, for there is only a 
small part of a complete turn. Other bearings are clearly designated 
by their ordinary names, such as camshaft bearings, pump-shaft bear- 
‘ings and soon. All are made ina variety of forms, which will be taken 
up later. 


How Bearings Wear. 


Bearings are made of materials which usually wear more easily 
than the journals they carry. The reason for this is that it is much 


INTAKE COMPRESSION COMBUSTION EXHAUST 





THE DISTRIBUTION OF WEAR IN THE BEARINGS 


The points of pressure—and consequent wear—for each position of the piston and crank are shown 
by the shaded portion of the main bearing, the big end connecting rod bearing, and the wrist pin bearing. 


easier and cheaper to compensate for bearing wear than journal wear. 
For instance, it would be a serious matter to re-surface all the journals 
on a crankshaft (though it sometimes has to be done) while it is com- 
paratively cheap and simple to adjust, or even renew, all the bearings of 
the crankshaft or connecting-rod. 
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In most of the engine bearings, and in all the more important engine 
bearings, the wear is unequal—that is, there is more wear on one part 
of the bearing than another. For instance, in the main bearings the 
greatest force—that of the combustion stroke—is exerted downward, 
so that the lower part of the bearing gets the heaviest pressure. The 
connecting-rod big-end bearings take the thrust at the top. The wrist- 
pin bearings take the thrust at the bottom, if the bearing is in the 
connecting-rod, and at the top if the bearing is in the piston. Cam- 
shaft bearings wear on the sides opposite the push-rods. 

On the exhaust stroke, with the piston going up, the pressure is in 
the same direction as on the power stroke, though of course much less. 
On the intake stroke the direction of strain is reversed, the piston 
tending to resist the downward pull, so that the strain is brought 
against the lower part of the big-end bearings, and so on with the other 
bearings. 

In the case of the crankshaft bearings there is little effect from the 
reversal of forces. Only one stroke out of four produces a reversal. 
In a four-cylinder engine three pistons are exerting a downward 
pressure due to combustion, exhaust or compression at the same time, 
more than offsetting the opposite force. Thus the upper parts of the 
main bearings wear very slightly under normal conditions. 

An additional factor in bearing wear is that the pistons, moving at 
high speed, must be stopped and started in the opposite direction at 
each stroke. On the upward strokes—exhaust and compression—the 
pistons work against pressure, so that the effect of the momentum of 
the pistons is considerably lessened, especially in the ease of the eom- 
pression stroke. But on the combustion stroke the bearings’ get the 
full force of the weight of the pistons and connecting-rods, plus the 
force of the explosion, and the resulting total pressure is very heavy. 
The piston is shot downward precisely as a projectile is shot out of a 
gun, and it has to be stopped by the crankshaft through the con- 
necting-rod. 


Effect of Loose Bearings. 


When a bearing is a good close fit on its journal the wear is slight 
and, with good lubrication from proper oil, the fit will be maintained 
for a really surprising length of time. But when wear gets to the 
point where there is actual looseness or play, and a knock, imper- 
ceptible at first, begins to develop, the process becomes much more 
rapid, and the greater the play the more rapidly more play develops. 

Remember this when the first suspicion of a knock appears and you 
are tempted to let it go for a while. 
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A bad knock will grow from a slight one very much faster than a 
slight knock will grow from a closely fitted bearing. 

The reason is that looseness permits pounding or hammering. At 
each stroke the bearing is pulled up tightly against its journal on one 
side and a space is left on the opposite side. Then when the direction 
of pressure is reversed the loose side of the bearing is slammed down 
on the journal with a blow that may be equivalent to a blow from a 
heavy sledge-hammer. The bearing metal is actually pounded into 
itself and out at the edges, if it is a soft metal. Whether the metal 
is hard or soft the blow tends to force out the lubricating oil and bring 
the metals into actual contact, and as this occurs always and repeatedly 
at the same places, the surfaces are impaired. Ultimately there occurs 
what amounts almost to temporary adhesion of the surfaces, and shreds 
of metal are torn loose. 

In a bronze bearing the shreds torn out will dig into the journal and 
eut it. Even a babbitt bearing, when loose, will not infrequently wear 
a crankpin out of round, so that when the bearing is tightened up it will 
be loose in one place and tight in another. Jt 2s utterly impossible 
to keep an adjustment when the journal is even slightly out of round, 
even if the surfaces are still perfectly smooth and polished. 

Keep your bearings adjusted so that there never is anv knock and 
they will not wear out of round. They will run, and run well, until the 
bearings are actually worn beyond further adjustment. An old hear- 
ing surface runs better than a new one. In most cases the interval 
between the starting of a new eneine and the first hearing adinstment 
is considerably shorter than the interval between the first and second 
adjustments. 


Bearing Metals. 


Bearing metals are roughly divided into two classes, hard and soft. 
Both have advantages and disadvantages, and both are used in engines 
of the highest grade. ; 

The soft metals are composed chiefly of tin and lead, with small 
proportions, in many cases, of copper, aluminum and other metals. 
They are all based on the old babbitt metal, other metals being added 
chiefly to give sufficient hardness to prevent crushing and squeezing 
out of shape under pressure. Thev all have the neenliarity that they 
aeanire a glaze under friction and pressure, and with plenty of the 
right oil and no pounding the glaze is maintained. Once the glaze is 
broken by lack of oil or pounding—the equivalent of excessive pres- 
sure—disintegration is rapid. 

Take a piece of soft putty and rub it gently with the finger. It 
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becomes glazed precisely as does babbitt, and will stand considerable 
friction. Press too hard and the glaze breaks, and the resulting break- 
ing up of the surface illustrates accurately 
what occurs when a bearing is run under ab- 
normal conditions. 

The hard metals are bronzes. Bronze is 
brass with a large proportion of copper. It 
! can be made of any desired hardness—even 
so hard that it is almost impossible to file 
it. Bearing bronzes are made somewhat 

i nae ne ae ee ie softer than the metal of the journals. If, how- 
Ra of the ever, the surface is broken and shreds are 

torn out, they are hard enough to cut the shaft 
badly, so that both bearings and journal may be spoiled. 





THE “BLIND” BUSHING 


Forms of Bearings. 


A complete bearing includes a housing or box and the bearing proper 
or bushing. The housing is stiff and strong and supplies the strength 
required to resist forces, while the bushing which the housing supports 
simply provides a wearing surface. 

Bushings are of two kinds—plain and split. The plain bushing can- 
not be adjusted. The split bushing can. 

Plain bushings are simply short tubes, usually with rims or flanges 
to hold them in place. They are used chiefly in the smaller sizes 
where the wear is not very heavy and where it is more convenient and 
inexpensive to put in a new bushing 
when wear does occur than to pro- 
vide means for adjustment. 

Never allow a plain bushing to 
develop much wear. Put in new 
bushings as often as may be neces- 
sary. This, however, will not be 
often. 

If a plain bushing is allowed to 
wear excessively the journal be- 
comes worn out of round as well This is to accommodate the continuation of a 
as getting smaller. Then when a Se Gane pores being used to hold it in 
new bushing is put in the shaft will 
still be loose and will soon become very loose. 

This means that the journals. must be turned down in a machine 
shop and new bushings especially fitted. Such a job costs money and 
can be avoided by a little forethought—the proverbial stitch in time. 








PLAIN FLANGED BUSHING 
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Split bushings are made in two halves held at precisely the right 
distance apart by the box or housing. The housing itself is in two 
parts also, held together by bolts. Where one part of the housing is 
formed in a large part of the engine, such as the ecrankease, the other 
part is called the eap and is removed to remove the bushing. 

Main bearings and connecting-rod big-end bearings are split and 
adjustable. The splits are always placed at the sides where there is 
practically no pressure, leaving smooth, unbroken surfaces at top and 
bottom to take the wear. 


Means of Adjustment. 


The standard method of adjusting split bearings is by means of 
shims. Shims are thin pieces of metal placed between the halves of 





a bearing. A number of very thin Cxnrcconeeta mene 
pieces are used to make up shims of 

. + BUSHING FLANGE 
the proper thickness. When the ie ae tee 


bearing is put together with the 
shims in place it fits the journal 
snugly. When wear occurs the bear- 
ing cap is removed and enough shim- 
ming taken out to let the bushing 
close up sufficiently to take up the 
wear. 

Shims are made in two principal 4DJUSTING A CONNECTING ROD BEARING 
ways. One is to use a number of eee ease eee ae 
Panaravesttain leaves ot metal, "The, °© 7° Posane, MoreGosde Sette 
other is to use special laminated shim metal, which consists of many 
leaves of thin brass very lightly soldered together, so that leaves can 
be peeled off. In either case the fineness of the adjustment is gov- 
erned by the thickness of the leaves. A thousandth of an inch is a 
typical thickness. 


SHIMS 





Piston-pin bearings are usually plain 
bushings, without means of adjustment. 
In some engines the piston pin is 

clamped in the connecting-rod and works 
2 EAE NATEDT SHIM in two bushings, one on each side, 

This is composed of thin strips of metal, i aS f : 
glued together, which may be peeled of pressed into inwardly-projecting bosses 
to make the shim slightly thinner. : ° Q ° 

in the piston. In others the pin is held 
tightly in the piston and the bushing is inserted in the connecting-rod 
as shown in the drawing on page 29. Piston-pin bushings are of bronze, 
with rare exceptions. 
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Adjusting Bearings. 

As has been stated, the common method of bearing adjustment is 
by means of shims. In a few cases special means of adjustment are 
provided, such as wedges moved by screws. In such cases instruction 
books cover the ground thoroughly, and instructions should be followed 
to the letter. 

Bearing adjustment may be divided into three classes— 

Adjustment for slight normal wear. 





REMOVE THE LOWER HALE OF TH# CRANK-CASE TO REACH THE BEARINGS 


The nuts, the lower half of the three main bearings, and the four connecting rod big end bearings 


are plainly shown. The engine need not be taken out in order to reach the connecting rod bearings for 
the removal of shims. : 


Adjustment for excessive wear. . 

Adjustment of new bearings. 

Adjustment for normal wear is the easiest and quickest of the three 
classes—which is another argument in favor of making adjustments 
before wear becomes serious. 

Where only normal wear has occurred the surfaces of the bearings 
and the journals will be in good condition and will fit together accurately 
when closed up. Therefore the only requirement is that the busa- 
ings should be closed up enough to make.a snug fit. 
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It is important, however, that when the job is done all the bearings 
should be as nearly as possible equal in tightness. 

To adjust a set of main bearings, take off the oil pan, or the lower 
half of the erankease, or expose the bearings in whatever way is pro- 
vided in the particular engine in question. Remove the spark-plugs 
so that the engine can be turned over without resistance from com- 
pression. If the connecting-rod bearings are also to be adjusted— 
they usually need adjustment when the main bearings do—remove the 
rods from the crankpins, put the bearings caps, bushings and shims 
back in place and push the pistons up far enough to allow the cranks 
to clear the rods when turned over. 

If the cylinders are counterbored—that is, if the cylinder is shghtly 
larger in diameter just above the point reached by the top of the 
piston at the top of its stroke—the rings will EOUNTEREORE 
probably catch on the shoulder so that the 
piston cannot be forced back. If you know 
the cylinders are counterbored do not push 
the pistons up unless you know they can be 
replaced from the bottom. (See Chapter 9 
and study your instruction book.) 

The reason for removing the rods is to make 
it easier to feel the tightness of the adjusted 
bearings by turning the shaft over with the 
crank. If it is not practicable to remove the 
rods as described, proceed with the rods in 
place and the caps on the bearings loosened 
by loosening the bolts holding them in place. d 
Then turn the engine over with the hand crank “"), nee eee Satereah 
end see how much strensth it takes to turn te replaced through the bottom i 
. is ° ovder that the shoulder, or edge 
it, and keep this in mind. foxmed will not catch on the piston 

Loosen slightly the cap bolts on all the main om 
bearings. Do not remove them all, but take off the cap of one of the 
end bearings. Take out one shim leaf from each side. Replace the 
cap and tighten the bolts. 

Be absolutely certain that you put the cap, shims and bolts back 
exactly the way they were. Reversing a cap may, and probably will 
throw the bearing out of line, even though it looks just the same one 
way as the other. Look for marks indicating which way the cap 
should go on. If there are no marks, make a couple of scratches to 
guide you. 

Turn the crank, and if the shaft turns a trifle stiffly it is all right. 
It is impossible to tell just how stiffly it should turn, but the use of a 
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little common sense and intelligence will suffice. But be sure the stiff 


ness is real and not imaginary. 

If the bearing is as free as it was before, repeat the process, taking 
out another shim from each side, and try the crank again. Usually, 
however, one shim will be enough, assuming that the wear is only 
normal. 

Do not try the tightness of a bearing with the bolts only partly 
tightened down. Shims ‘yack’? and the last turn of the bolt may make 
a good deal of difference. 

If the removal of one pair of shim leaves makes the bearing too 
tight it indicates either that the bearing is not sufficiently worn to 
require adjustment, or that the shim leaves removed should be re- 
placed with thinner ones. The latter is a simple matter. Take a 
shim leaf to a hardware store and get a piece of hard-rolled brass or 
copper of about half the thickness and cut out a new pair of leaves 
of exactly the same shape and size as the old ones. This is very 
easily done with a pair of ordinary scissors. Be sure there are no 
burrs or ragged edges on the news shims. They would prevent the 
bearing from coming together properly. 

To remove burrs, lay the new shim on a smooth board and rub the 
edges with emery cloth on a little block of wood. Be careful not to bend 
or buckle the thin metal. 

If necessary, an exceedingly fine adjustment can be made by using 
one of the old shim leaves on one side and one of the new and thinner 
ones on the other. The inequality is so slight that it will make no 
difference in the lining up of the bearing. 

When one bearing has been adjusted and found satisfactory with 
the bolts perfectly tight, loosen the bolts enough so that the shaft turns 
as freely as before the adjustment was made, and proceed with the 
next bearing in the same way precisely. 

Never try to adjust one bearing while another is tight. You cannot 
tell when the new bearing is adjusted if you do. 

In adjusting the connecting-rod big end bearings exactly the same 
principles apply. 

Loosen the main bearing bolts Just enough to let the shaft turn per- 
fectly freely, but without shake or looseness. Set up the rod bearings 
one at a time. When one bearing is finished, remove it from the erank- 
pin if practicable, and go on with the next. Tf it is impracticable to 
remove the rods in this way loosen the bolts, as in the main bearings. 
In this case the friction of the pistons must be considered. Tt male 


it a little more difficult to feel just when the bearing has been tightened 
enough and a little extra care is necessary, 


BEARINGS AND THEIR ADJUSTMENT 


PaS) 
Ot 


Taking Up Excessive Wear. 


When the bearings are so worn that there is bad knocking when the 
engine runs the work is somewhat more difficult, if a really good job 
is to be made. The reason is that the bearings are likely to be some- 
what pounded out of shape, so that their surfaces do not correspond 
accurately with the journal surfaces. 

There are three courses that can be pursued. 

If the bearings are not scored or eut they can be taken up precisely 
as has already been described. This, however, must be regarded as a 
temporary expedient to permit the finishing of a trip or something 
of the sort. A really good fit cannot be expected, and the car should 
be run carefully at first in case the bearings have been thrown out of 
alignment. A thorough job should be made at the first opportunity. 

To do the job properly, if you are not something of a mechanic 
yourself, turn it over to a repairman who knows his business. 

If you are something of a mechanic you can refit the bearings. Be 
prepared for a good deal of close and careful work. 

In many eases it will pay to take the engine out because much time 
is saved in the fitting. This, however, is a point that must be de- 
termined by the ease or the difficulty of taking the engine out, and the 
ease or the difficulty of getting at the bearings. 


Uneven Wear. 


The reason why badly worn bearings should be thoroughly over- 
hauled is that they are likely to be worn unevenly. So when the wear 
is simply taken up in the ordinary way one main bearing, for in- 
stance, might be a little lower than another and there would be a 
tendency to spring the crankshaft, and this tendency would react on 
the bearing and make it tight in one spot and loose in another. The 
result would naturally be rapid wear of the tight places and further 
distortion of the surfaces. In many cases the setting up of bearings 
in this way will cause knocking, heating and endless trouble. Some 
engines are more delicate than others in this respect and will knock if 
the bearings are the smallest degree out of alignment. 

Begin by examining the bearings and journals. If the latter are 
scratched and scored, turn the job over to the repairman at once and 
let him refinish the surfaces and fit a new set of bearings. 

If the journals are smooth and in good condition there is still a pos- 
sibility that the repairman’s help must be requisitioned. This will be 
in case the crankpins are worn out of round, caused by a greater pres- 
sure exerted at some portions of the surface than at others. 
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Testing for Wear. | 

To test for this, remove the crankshaft. Take one on a ie 
necting rods and adjust the big-end bearing to its lee ei ue a 
a good, snug fit. The bearing should be tight enough se a e 
rod is in a horizontal position it will Just support itself and no more, 





SIDE VIEW OF THE ARRANGEMENT OF BEARINGS IN A FOUR CYLINDER ENGINE 


It is difficult to locate a loose bearing by means of the hand crank, for the three main bearings, the 
four big end bearings and the four wrist pin bearings will each and all make a sound if undue loose- 
ness exists. 


Swing the rod in a complete circle and note carefully if it is equally 
tight in all positions. If the crankpin is out of round the bearing will 
be tighter in some places than in others, and this ean readily be felt. 
If there is any inequality, get the pins trued up. If you can feel abso- 
lutely no difference throughout the swing of the rod the journal may be 
considered in fairly good shape. 


This is rather a rough test and by no means as accurate as a test 
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made with a micrometer; but a journal that passes will give good 
service, providing, of course, that it is smooth and unscratched. 

The main journals will wear out of round only in extreme cases; but 
if it is necessary to send the shaft to the shop to have the crankpins 
refinished the main journals should be accurately gauged and trued up 
if necessary. The result will be a crankshaft as good as new. 


Marking. 


Whether you are refitting badly worn bearings or putting in new 
ones, first adjust them all, as has been described. Have them perfectly 
clean and use no oil. Then take off the caps, take out the crankshaft 
and coat the journals lightly and evenly with blue marking, which can 
be purchased at any supply store. Good marking can be made by 
mixing ordinary red lead, such as is used in paint, with lubricating oil 
to the consistency of a thin paste. Put the crankshaft back in place, 
being careful to avoid rubbing it on the bearings when putting it in. 
Put on the caps and set up the bearings as in a final adjustment. Turn 
the shaft over half a dozen complete turns and take it out again. You 
will find that where the journals have touched the bearings there will 
be marks left by the blue or red stuff. The marks indicate the high 
spots. If very high they will probably be rubbed clean of marking and 
will show a dark burnished surface. 


Scraping. 

Cut down the high spots in all the bearings with a scraper. Where 
the pressure has been heaviest, take off the most. 

Under no circumstances touch with the scraper the parts that show 
no marks. 

Scrape lightly, taking care that the cuts do not go deep. Remember 
that the object is to eliminate all high spots and bring them to the 
level of the low places. 

When all the bearings have been gone over in this way, wipe bearings 
and journals perfectly clean, put marking on the journals and put the 
shaft in as before, turn it again and go on scraping. 

Scraping and trying should be continued until the marks show that 
the bearings and journals touch fairly evenly throughout their length. 
It is very difficult, even for an expert, to make an absolutely perfect 
job of scraping—that is, make journals and bearings touch all over. It 
ig not necessary, for a very little running will wear the surfaces to a 
perfect fit. 

Under no circumstances, however, must there be contact at one end 
of a bearing and not at the other, 


28 EVERYMAN’S GUIDE TO MOTOR EFFICIENCY 


If, after considerable scraping, it is found impossible to get contact 
at both ends of a bearing, it indicates that the bearing or its housing 
is out of true, as a mechanic would express it. This may necessitate 
work that is beyond the average amateur mechanic’s scope. Better 
turn it over to a repairman. 

The sides of the bearing—just above and just below the split—do 
not need to be as close a fit as the top and bottom. In fact, they are 
better left just a trifle free. Use a little extra vigor in scraping at the 
sides, so that if there is contact, it will be very light. 


Babbitt Bearings. 

Scraping babbitt bearings requires rather a delicate touch because 
of the softness of the metal. It is very easy to dig in too far. 

A babbitt bearing does not require quite as fine a scraped finish as 
a bronze bearing because the softness of the metal allows it to work 
into shape more easily. But always there must be good contact, and 
equal contact, at both ends and at least two or three places in between. 


Scrapers. 


Better buy a good set of scrapers for the job. Serapers ean be 
made from old files or from tool steel, but a regular tool is the best. 
Take care that the curvature of the scraper is such that no corners can 
dig in and, on the other hand, that it will not take a gouge out of one 
spot. The tool should be curved just a trifle more than the bearing 
surface. 

Scrapers can be made from old files by grinding off the teeth and 
grinding the ends square across for the cutting edges. It is not neces- 
sary to grind the teeth off completely except at the cutting end, though 
it is advisable to take off the roughness all over. A half-round file 
makes a fairly good bearing scraper. If it is too small at the end, 
break it off and grind it down. 


Seized Bearings. 


Occasionally a bearing will seize or ‘freeze’? and yet suffer no harm 
if the engine is immediately stopped, but this is the exception and not 
the rule. A bearing that has seized should be examined at once and put 
in good condition. 

If the bearing has seized very suddenly and brought the engine to 
an abrupt stop it may be that the crankshaft will be sprung or, in the 
case of a seized connecting-rod bearing, that the rod will be sprung. 


Accurate tools, used with skill, must be used to determine this. Let 
a good repairman do it. 
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Usually the seizing of a bearing is preceded by sluggishness and 
lack of power in the engine, due to the great friction, and this increases 
rapidly until the engine stops or the bearing, if of babbitt, melts out 
and the engine starts pounding severely. 

Watch the engine carefully for a while after bearings have been 
newly adjusted or new bearings put in. Also watch it in case you are 
doubtful about the lubrication system. A bearing that is just a little 
too tight often will heat up very gradually; the heating makes it tighter 
and the increasing tightness forces out the oil and prevents proper 
lubrication until finally the bearing runs dry and grips the journal hard 
and fast. If no harm has been done by the seizing it is necessary only 
to adjust the bearing properly. But make very sure that no harm has 
been done. 
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TWO TYPES OF WRIST PIN BEARINGS 


The one on the left shows the design in which the wrist pin is clamped to the connecting rod and 
moves in the piston bosses; and the one on the right shows the type in which the wrist pin is securely 
held in the piston bosses, providing for the bearing in the upper end of the connecting rod, 


Wrist-pin Bearings. 


When a wrist-pin bearing is worn it is replaced. Bronze bushings 
are pressed into the piston bosses or into the eye of the connecting-rod, 
according to whether the pin is stationary in the rod or in the piston. 
The pins are made of very hard steel and wear very slightly as a rule. 
Therefore when looseness occurs it usually is sufficient to insert new 
bushings. If the pins are worn, however, it is a simple matter to insert 
new ones, for they will be made an exact fit for the new bushings. 

Removing bushings from a piston must be done with the greatest 
care. The pistons are of cast iron or aluminum alloy and are machined 
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down as thin as possible. The metal is brittle and is easily cracked 
or broken by blows or pressure on the sides. Unless you have had 

BUSHING some little experience, better let the repairman 
do the re-bushing to avoid the risk of breaking 
a piston. 

The connecting-rod is much more rugged, 
though it must be treated with care, of course. 
Sometimes a bushing is simply pressed into 
place in a solid eye, and sometimes the rod is 
split on one side and fitted with a pinching- 
screw or bolt. In the latter case the bushing 
will come out easily when the bolt is loosened, 


Removing Eushings. 


A pressed-in bushing can be removed by lay- 
ing the piston end of the rod on a big nut, or 
a short piece of tube, the opening in which is 
large enough to allow the bushing to pass, and 

BPARING IN Elsron driving the bushing with a haminermc a 

The small screw holds the hol- - ‘ e 5 3 

low wrist pin securely in the eon. rOuNd piece of wood or—if it is carefully 
necting rod so that the former 5 : ; 
oscillates with it in the piston Uused—a piece of round iron or steel or any- 
bearing, : . 

3 thing that will pass through the rod eye but 
not through the bushing. 

Care must be taken not to burr up the rod where it rests on the 
nut or tube. 

Putting in the new bushing has to be done very carefully, in the case 
of a pressed-in job, because the fit is very close. If the bushing is 


not started perfectly in line with the hole in the rod it is very likely to be 








A POPULAR METHOD OF HOLDING THE WRIST PIN SECURELY IN THE CONNECTING ROD 


: pf borepen end of the connecting rod is split and is clamped together by means of a bolt. The wrist 
pin oscillates in the top of the piston as shown in the left hand part of the second drawing preceding, 
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cut by the edges of the hole and may be distorted, so that it will not 
allow the piston pin to pass. 

A good machinist’s vise makes 
an excellent press for putting in 
these bushings. In a well-made 
vise the faces of the jaws are 
square and parallel. Start the 
bushing in the rod eye by hand, 
working it in as far as possible 
and, if necessary, tapping it 
gently with a block of wood— 
never with a hammer—until it 
lines itself with the hole. Then 
put rod and bushing in the vise, 
with the bushing end against one 
jaw and the rod eye against the 
other. Oil the bushing so that it 


will slip in the more easily and ppmovinG THE CONNECTING ROD BUSHING 
also to prevent rusting in place. Neither the bushing nor the wrist pin should ever 
CN : be struck by a piece of hard metal. <A block of hard 
see that the Jaw faces bear wood, or a piece of copper or lead should be used to 
j : drive out the bushing. 
squarely on both bushing and rod, 
and tighten up, gradually and carefully, watching to see that the edge 
of the hole in the rod does not dig into the bushing at any point. Keep 
on tightening until the bushing is all the way in. 
Put pieces of sheet copper or brass between the vise jaws and the 
bushing and the rod so that the hard metal of the vise will not mar 
the softcr metal of the 
bushing and the rod. Use 
) pieces that are flat and 
straight. 








Small Bearings. 


Camshaft bearings 
sometimes are adjustable 
and sometimes are solid 

Toe Visi AS A ERERS. 5 bushings. The same 
aa cater on is held Drevin principles apply to them 
rod and bushing when the vise is tightened. as to oO t h er bearings. 
They are not subjected to hard service in the same degree as 
the larger bearings, however, and are not liable to freezing or to pound- 
ing out. 

Before trying to remove a solid bushing look very carefully to see 
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ww 


how it is held in position. Sometimes there is a flange at one end. 
Sometimes there is a shoulder inside the housing that the bushing 
butts against. Sometimes there is a screw 
or ‘‘Dutchman’’ inserted half in the bush- 
ing and half in the housing to keep the 


bushing from moving. 


Removing a Solid Bushing. 


It is very much better and safer to pull or 
push a solid bushing out than to knock it 





BE SURE THE BEARING STARTS ; ; ; 
ee es out. A tool for pulling is very easily made 


Otherwise the edge of the connecting 


rod will cut the bushing and ruin its = Shal fact, Tt does not need any making to 


highly polished surface. 


speak of. Get a bolt that will easily pass 
through the bushing and with a head that is larger than the hole in 
the bushing and smaller than the outer diameter. If the head is too 


SCREW 








vA 


BUSHING 


A “DUTCHMAN” 


This is a small screw which sticks part-way into the housing and part- 
way into the bushing, and prevents the latter from turning. The bushings 
should always be replaced or renewed with the hole in exactly the proper 
position so that the screw may be driven home, 


small use a washer of the right size. Put the bolt through the bushing 
with the threaded end pointing in the direction in which the bushing is 
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BUSHING 
A HOME-MADE TOOL FOR REMOVING THE BUSHING 


The parts can be found in almost an i i 
° arage or machi h i i 
as effective as a specially-constructed real pall pC anaett hey paren ist 
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to move. Slip over the projecting end of the bolt a piece of pipe large 
enough for the bushing to pass through it, letting the inner end of 
the pipe butt against the housing around the bushing. Put the nut on 
the bolt with a washer to keep it from going into the pipe, make sure 
that everything is clear, and screw the nut on with a wrench, applying 


BUSHING 






WASHER 
































FORCING THE BUSHING HOME 


The same device as illustrated in the preceding cut can be reversed 
and by the use of a larger washer made to press the bushing back 
into place. 


pressure and gradually pulling the bushing out. If the bushing seems 
very obstinate look to see if there is anything holding Ate 

A bushing can be put in by the same process reversed. Put a big 
washer on the head of the bolt so it will not come through the housing 
and another washer over the end of the bushing and screw up. 


HACKSAW 
CUT 


REMOVING THE BUSHING WITH A HACK-SAW 


A thin cut from a hack-saw blade will allow a bushing to be contracted 
sufficiently to be driven out without damage by the methods previously 


described. 


In starting the bushing the same care must be observed as in start- 
ing the connecting-rod bushing. The same tool can be used for both 
jobs if a good vise is not at hand for the connecting-rod work. 

Be careful to get the new bushing in exactly the same position as 
the old one. If the bushing goes in too far the shaft may Jam or 
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it may not go into place. If it does not go far enough there will be 
play endwise. 


Removing a Frozen Bushing. 


Sometimes a bushing will stick in place, through the rusting of the 
housing or for some other reason, and cannot be moved with the tools 


at hand. Probably it could be done by heavy blows with a hammer, 
but this is a dangerous business. In the 
case of a connecting-rod bushing make a 
hack-saw cut along the length of the bush- 
ing from the inside, removing the blade 
) from the saw frame, passing it through 

WATOH THE OIL HOLES the bushing and putting it on the frame 
If the oil hole in the bushing does not qoain Work carefully, so as to avoid 


register with that in the bearing no labri- 


cant can reach the journal and the bush- * = : c, a D 
Bele sigue bemine weiinced ty cutting the housing; a scratch or two will 
ea: almost as soon as the engine dg no harm, however. The cut will allow 
the bushing to be closed in a little by a few 
taps with a hammer and drift and it will come out easily. Where a 


saw cannot be passed through a cut can be made with a file. 





Oil Holes and Grooves. 


When inserting bushings see that the oil holes come in the right place, 
so that they register with the holes in the hous- 
ing. Otherwise the bearing will get no oil. 

Sometimes oil holes are drilled in bushings 
after they have been inserted in the housing, 
and a new bushing would have no oil hole. Put 
the bushing in and drill through the hole in the 
housing. If there are oil grooves, make sure 
that the hole connects with the grooves, which §/(———_V 
are necessary to distribute the oil all over the AS anaes GOS 
bearing surfaces. This is important, for an oil- eee 
hole that does not connect with the oil grooves someone Pant bie. nes 
is not of much use. In small bushings, how- cectieit the og hoe ean 

help to distribute the lubricant 


ever, oil grooves are often omitted as unneces- over the full width of the ben 
sary. But look out for clear oil-holes, ae 



















































































WHAT YOU SHOULD KNOW AFTER READING CHAPTER it 


Why bearings are important. 

What bearings, journals, shafts and spindles are. 

How and why bearings wear. 

What happens when bearings get loose. 

How knocks grow. 

Why frequent adjustment is economical. 

What metals are used for bearings, and why. 

What forms bearings are commonly made in. 

The difference between adjustable and non-adjustable bearings. 
Tow bearings are adjusted for normal wear. 

How bearings are adjusted for abnormal wear. 

How new bearings are fitted. 

How bearings are scraped in. 

How to tell when a bearing is properly adjusted. 

What shims are and how they are used. 

How to make shims. 

Why crankpins wear out of round. 

How bearings seize, and what to do with them when they do. 
How solid bushings are removed and replaced. 

How to make a tool for removing and replacing bushings. 
How to remove a stuck bushing. 


The importance of getting oil holes where they belong. 
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CHAPTER III 
CYLINDERS AND PISTONS 


Why Good Condition is Essential. 


Cylinders and pistons lie at the root of the power of the gasoline 
engine, and upon their good condition depends the possible amount of 
power obtainable. No degree of perfection in other parts will avail 
if pistons and cylinders are not right. 

The greatest possible care should be taken to keep cylinders and 
pistons in good condition because they offer less opportunity for adjust- 
ment than any other part of the engine. The only real adjustment is 
that which is provided automatically by the piston rings, which are 

: constantly pressed against the cylinder walls 
and follow up normal wear without allowing 
leakage. 

So far as the cylinder proper is concerned— 
that is, the part of the cylinder that is traversed 
by the piston—all that can be done is to see 
that the proper oil is used in the proper quan- 
tities. 





WEAR OCCURS 


_ COMBUSTION 


How Cylinders Wear. 


While cylinder wear is naturally very slow, it 
unfortunately occurs chiefly at the sides, The 
right hand side of the cylinder gets the greatest 
wear because the piston is forced against it by 
the pressure of combustion from above and the 
resistance of the connecting-rod from below. So 
cylinders wear oval in time. 





POULT Cylinder Wear in V-type Engines. 
The greater thrust at the side Tt ; 1 tl | 

of the piston due to the reacti ne 1de 5 1 -TY 1 
of the connecting rod aces the : - Hu : ve cylinders om NM type Poe 
explosion stroke tends to wear Are Subject to abnormal wear at the bottom be- 
the piston slightly oval in shape. a Q 0 D 

cause of the weight of the pistons may be classed 
as a superstition—an exploded notion. The wear due to this cause is 
negligible. In old-fashioned horizontal engines with heavy pistons 


there was a little extra wear due to piston weight, though not a great 
36 
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deal in a well-designed engine. But in a V-type machine the pistons 
are so extremely light that they cause no appreciable wear in excess 
of that which would occur were the same cylinders to be set vertically. 
Further, the cylinder wall does not even carry the full weight of the 
piston. The cylinders are 
at such an angle that part 
of the weight is carried by 
the erankshaft, leaving 
only a portion to be car- 
ried by the cylinder. 


What To Do with Worn 
Cylinders. 


When eylinders are 
badly worn there is no 
real remedy except to 
have them rebored and fit 
new pistons and rings. 
Reboring calls for new 
oversize pistons and rines IGN Amal ayy CO\WaPs MEN aed, ENGINE, CYLINDERS ARE SET AT 

, 90 OR AT 60 DEGREES 

because the cylinders are This angle, however, does not serve to increase the wear of 

: ye. é the cylinders on the lower side. The opinion that the ‘‘V”’ type 
ponder mehnlv laren, alld! con gncs scar more capi; cham vertionlieneited. isi aisexploded 
the old pistons and rings 
would be loose and leaky. It is a job for the well-equipped shop 
throughout. Put it off as long as possible by being careful of your 
lubrication. 

Sometimes compensation can be made for slight cylinder wear by 
putting in new piston rings. This will be taken up later. The use of 
a heavier grade of oil is sometimes suggested for sealing the space 
between piston and cylinder; but this is a practice that is risky and is 
but a makeshift at best. The heavier oil does not flow as readily in 
the passages and bearings and inadequate lubrication may result. 





How Cylinders Become Scored. 


Cylinders become scored, or deeply scratched lengthwise, from lack 
of lubrication, broken piston rings, projecting piston pins or piston 
pin bushings. A scored cylinder will leak and may leak badly enough 
to cause a hissing sound that can be heard. The only remedy is re- 
boring and new pistons and rings. 

If the scoring is slight only the cylinder affected need be rebored. 
If it is very deep it is best to have all the cylinders re-finished, as the 
increase in diameter may be sufficient to throw the engine out ot 
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balance a little and cause vibration. A good deal depends upon the 


individual engine. ' 
Consult a really good repairman about it. Be sure he is a good one, 


and accept his judgment. Y 
— If lack of lubrication does not 


Co 


directly result in scoring, it may 
cause the breakage of piston 
rings and then scoring. 





What To Do When Pistons Seize. 


When a well fitted piston is 
allowed to run without sufficient 
lubrication it gradually runs per- 
feetly dry and then becomes ab- 
normally hot and _ sticks fast, 
stopping the engine. As a rule 
the cylinder walls will be scored, 
or the pistons and rings affected, 
or both. 

Put kerosene on the piston. It 
will work down and help to free 
the frozen surfaces. Wait for 
i the engine to cool. Try the 
IRON SLEEVE IN AN ALUMINUM ENGINE crank gently to free the piston. 
eT an doesnot makoxa'eatistactory wearing Do not allowmastrocenepictonmr® 


metal when placed in rubbing contact with another 


part of the same material, Many aluminum engines, YeMAIN frozen. When it is free 

therefore, are provided with iron linings or sleeves 3 . . , 

which are placed in the cylinder casting and in which give it plenty of oil. 

the aluminum pistons move up and down. : s Oy fat 
Do not run the engine until it 

has been inspected if it can possibly be avoided. 

It may be that little or no damage has been done, but that further 
running will result in scoring. It may be that a connecting-rod or the 
crankshaft has been sprung, in which case running may damage the 
whole engine. 

If circumstances are such that the engine must be run, turn it over 
with the crank to see if it turns freely—after it has been allowed to cool 
and has been thoroughly oiled—and run very slowly and cautiously. 

If the engine knocks when running this way, you are taking a big 
chance of doing damage that may be expensive to repair. 

If i [ found that the engine turns hard in one place do not try to 
run at all. 


If the engine turns hard all the way round, despite cooling off and 
thorcugh oiling, do not try to run. 
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The gradual approach of piston seizing is often indicated by over- 
heating which cannot be accounted for in any other way. When such 
overheating occurs, stop and try the engine with the crank. It will in 
all probability be found very stiff. 


O:] with Gasoline. 


If sufficient cylinder lubrication cannot be provided in any other 
way, put cylinder oil in the gasoline tank. Put in a pint of oil to every 
four or five gallons of gasoline. The oil will go into the cylinders, 
sprayed with the gasoline, and will stick to the walls, lubricating them 
thoroughly. In most cases no trouble whatever will follow this pro- 
ceeding. In some eases it will make the engine a little harder to start. 
Many marine engines are lubricated in this way, no other means being 
provided for oiling the cylinders. 


How Cerbon Accumulates. 


Tn the combustion chamber, which is that part of the cylinder which 
is above the highest point reached by the piston, the greatest trouble is 
from accumulations of so-called carbon. As a matter of fact, the de- 
posits are a mixture of oil and gasoline residues and dust, which mingle, 
stick to the surfaces and, if allowed to do so, bake hard and may be 
exceedingly difficult to remove. 

Too much lubricating oil and too rich a mixture from the carburetor 
cause carbon to accumulate. Excessive oil may get into the com- 
bustion chamber because of too high an oil level, or too rapid a feed of 
oil, according to the type of oiling system, or the use of the wrong oil. 
Too much oil is indicated by a bluish smoke in the exhaust. If smoke 
occurs the feed should be eut down or the oil level lowered until smoking 
stops. . 

If the engine is considerably worn, however, oil will work up past 
the piston even with the normal amount of lubrication, and it cannot be 
prevented except by stopping the leakage. 

Oil is often blamed for carbon deposits when the real trouble is that 
the mixture is too rich. A very rich mixture will make a black or very 
dark smoke in the exhaust, quite different from the light-colored oil 
smoke. It takes a lot of gasoline to do this, however, and the mixture 
may be a good deal too rich without making any smoke. (See Chapter 
VII on Carburetors.) 


Carbon Prevention. 


Good oil in the proper quantity and a mixture not too rich will ensure 
4 minimum of carbon. However, some carbon will be deposited. 
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There is no such thing as a lubricating oil that will not cause a 
deposit in the combustion chamber if the conditions are favorable to 
such a deposit. Some oils, however, will cause less deposit than others. 
This is one of the very good reasons why it pays to buy the best oil 
that can be had and to use it properly. 

If carbon is allowed to accumulate undisturbed until the operation 
of the engine is affected it may be very difficult to remove. If, how- 
ever,.a little trouble is taken to clear out deposits at frequent. intervals 
the engine will keep clean for a very long time. 

There are many methods of cleaning ovt carbon. There are on the 
market numerous compounds for the purpose, some of which are good 
and some of which are not. You can find out by your own experience 


or that of others. 


Removing Carbon with Kerosene. 


About once a week, if the car is used a good deal, put a couple of 
tablespoons of kerosene into each cylinder through the relief-cock or 
spark plug hole while the engine is hot—just after stopping. Let 
the engine stand overnight. When it is started up iu the morning the 
carbon will be blown out, the kerosene, vaporized by the heat, soaking 
into it and loosening it up. If the deposit is an old one the same 
process wil! help, and repeated applications will get rid of a good deal, 
but not ali of it. 


Removing Carbon with Denatured Alcohol. 


One of the best carbon removers is denatured alcohol. It will often 
ao remarkably good work and will not affect the evlinder walls, pistons 
or rings. It will free the piston rings if they have become gummed in 
their grooves and so possibly improve compression somewhat. 

Alcohol can be used in the same way as kerosene, though more of it 
should be used, as it evaporates rapidly. To doa thorough job, how- 
ever, proceed as follows: 

Bring one or more pistons, according to the number of eylinders in 
the engine, to the top of the compression stroke. Both valves will be 
closed at this point. Fill the combustion chamber full of denatured 
aleohol through any opening, and then close it up, leaving no way of 

eseape. Let it soak for not less than six hours. Treat each eylinder 
in turn. When all have been treated, run the engine to blow out the 
carbon. | 

It is necessary, in treating the engine in this way, that the alcohol 
sh ould come in actual contaet with the carbon. That is the reason for 
‘filling the combustion chamber full. ia | | | | 
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Tn all probability a good deal of alcohol will leak down and into the 
lubricating oil. 

Run the engine with this adulterated oil for a short time. The 
aleohol is a cleanser and will give the engine a good washing out. 

Then throw away the oil and put wm fresh. 

To keep the engine clean, put from two to four ounces of alcohol, 
depending upon the eylinder size, into each cylinder every three or 
four days, while the engine is hot. Be sure that all openings are 
closed. Of course it is impossible to have all the valves closed at the 
same time, but the cylinders that have valves open one day should 
be treated with valves closed the next time, and so on. 


Removing Carbon with Water. 


Run the engine at fairly high speed and while running feed water in 
through the air intake of the carbureter. Give the engine all the water 
it will take without losing much speed. A great deal of carbon may 
be loosened and blown out in this way. 

When getting rid of carbon by these and similar methods run with 
the muffler cut-out open to keep carbon from clogging the muffler. 
Run the engine for a few minutes after the carbon has stopped coming 
through to make sure that everything has been blown out. 


Burning Carbon. 


Tn course of time earbon accumulates no matter what is done to pre- 
vent it. It can be removed by scraping or by burning out with oxygen. 
The heat of the oxygen burning process does no harm, for it is con- 
siderably less than the heat of burning gasoline. The burning should 
be done with the piston at the top of the stroke so that the high tem- 
perature will not burn the oil off the cylinder walls and leave them dry. 

Seraping off carbon is best done with the eylinder head removed, 
when the head is removable. Otherwise it is a blind process and it 
is very difficult to tell how much carbon has heen removed and how 
much is left. 

Serape with the piston at the top of its stroke. Be very careful not 
to seratch valve seats or other working surfaces. See that no carbon 
is left in angles and crannies; small patches are likely to become in- 
candescent when the engine is running and cause pre-ignition. 


Purpose of Gaskets. 


Gaskets are made of more or less resilient material and placed be- 
tween the metal surfaces to fill all inequalities and prevent leakage. 
A variety of materials is used, ranging from plain paper up to gaskets 
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made of a layer of asbestos held between two thin sheets of copper 
or brass. 

When removing a cylinder head or any part that is gasketed work 
carefully and try to avoid damaging the gasket. This is easy in the 
case of a copper-asbestos gasket, but is often impossible with gaskets 
made of sheet packing. 

The safest, easiest thing to do if a new gasket is required is to get 
one from the service station or supply house. Gaskets are die-cut to 
fit exactly, and they will be properly made and of the right thickness, 
which is important. 

Sometimes it will be found that a sheet-packing gasket has been 
coated on both sides with shellac or some similar cementing compound. 
In this case the gasket will be destroyed in the removing process. 
Sometimes the gasket will be coated only on one side and will stick 
to one member and let the other come off easily. Let it stay in place 
if it is in good condition. 

Be very sure, before deciding to use an old gasket again, that the 
surface 1s absolutely unbroken. 


Making Gaskets. 


A eylinder-head gasket is usually rather a complicated affair. It is 
better to buy one ready made if possible; but it is quite possible to 
make one. If possible use the same material as in the old gasket, and 
be very sure the thickness is the same. 

The gasket must be all im one piece, without breaks or marred 
surfaces. 

A eylinder-head gasket must withstand a high temperature and high 
pressure. Plain asbestos sheet will stand the temperature, but not 
the pressure; it may last for a time, but in all probability will blow ont 
before long. Very good sheet packing, made for the purpose, can be 
obtained at hardware stores, engineers’ supply houses and automobile 
supply stores, though the latter more commonly stock finished gaskets 
for popular makes of ears. 

Lay the cylinder head on the sheet of packing and mark the outline 
and cut out the blank. This can be done with a pair of large sharp 
scissors, except where there are short curves, when a sharp knife is 
the best. Take care to make clean, clear cuts. For knife work, lay 
the gasket on a pine board. 

Coat the edges of all the openings on the top of the cylinder block 
with some kind of marking of a color contrasting with that of the 
packing. Chalk will do for dark-colored packing and blue marking 
compound for light colors. Anything will do that will leave a mark 
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on the sheet. Lay the blank gasket accurately in its place. Tap the 
blank with a hammer and block of wood, moving the block along so as 
to get an impression of the outlines of all the openings. ‘Tap very 
gently to avoid bruising the packing. 

This part of the work is rendered easier if three or four bolt-holes 
are cut first and the bolts slipped in to hold the blank from slipping out 
of place. 





CUTTING A CYLINDER HEAD GASKET 


The outline of the cylinders is obtained by blows with a hammer on a wooden block which follows 
around the edges to be cut. Great care should be taken to make sure that all water connection openings 
and the holes are cut properly. 


You will have a set of sharp lines to guide you in cutting, and they 
should be followed accurately. The gasket must not project over the 
edges of the openings in the least. It ought to be perfectly flush, but it 
will do no harm if it is just a shade inside the line—say a thirty-second 
of an inch. 

Mysterious engine troubles have been traced to gaskets that were 
partly ‘‘blind.”’ 

Holes for bolts or screws must be cut with great care, and it should 
be done with a punch. A punch can 
be bought, or one can be made with 
little trouble. A piece of steel tub- 
ing that will just pass through the 4 HomE-MADE GASKET HOLE CUTTER 
Wolesiniihe cylinder head is given a 4 tee ee ee com holes of the proper size 


for bolts and water connections which may be too 
cutting edge by beveling it on the in- small to be cut by means of a hammer or wooden 
side—not the outside. Even hard- 
drawn brass tubing will answer well enough to put the holes in one or 
two gaskets. After marking the places for the holes with a pencil, using 
the cylinder head as a pattern and being careful not to shift the gasket, 
punch through with the gasket on a block of wood, hitting a sharp, quick 
blow. 
Try the punch on a scrap before cutting the bolt holes. It will some- 


times be found that better results can be obtained by turning the punch 






TUBE BEVELED 
INSIDE 
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while pressing down on it, thus making a sort of tubular knife of it. 
Use the method that makes the cleanest hole. 

Try on the gasket with all the bolts in place, but without the cylinder 
head on. See that it fits properly. Be particular about it. 

Look carefully to see if there are any doubtful-looking places where 
the gasket is narrow. This is where trouble is most likely to oceur. 
If the gasket is not perfect, make another, using the ‘‘failure’’ for a 
pattern. It is easier to do this than to pull things down later and do it 
all over again because the gasket leaks. 

Put the gasket on as the old one was put on. If one side was found 
free, rub one side of the new gasket with graphite to keep it from 
sticking. The other side and the surface on which it goes are to be 
coated with shellac. Use a brush for this, put the shellac on quickly 
but without slopping it over places where it should not go, and get 
the gasket in place as soon as possible. See that it hes perfectly flat. 
Put the cylinder head in place carefully. Screw down the nuts or the 
screws, as the case may be, until they just rest on the head. Then 
tighten them a turn at a time in rotation, so that all will pull down 
evenly. 

Do not pull down one nut, or part of the nuts, while others are loose. 





TIGHTEN CYLINDER HEAD BOLTS EVENLY 


Tf one side is screwed down tightly while the other is left loose, the gasket 
will be compressed on one side and forced out of shape so that even when 
the pressure is equalized the gasket will still be of unequal thickness. 


Tighten each a little at a time. Failure to observe this is likely to re- 
sult in a leaky gasket. ’ 

After the engine has run for a while and become warmed un it will 
be possible to tighten down a little more. Be careful not to overdo 
it and strip threads or break off bolts—which is an exceedingly un- 
pleasant trouble to rectify, as a rule. * 


Gaskets for Cool Places. 


Gaskets for parts not subjected to much heat or pressure may be 
of paper, cork composition sheet or the like. The cork composition 
makes a good gasket for holding oil and for Joints that are rough and 
require a good deal of filling, for it is very elastic. Tt is rather thick 
and should not be used where a thinner gasket has been used, as a Eas 
though no harm can be done if the extra thickness does not affect any < 
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the parts. For instance a slightly heavier gasket between the car- 
buretor and the intake manifold can do no harm. 

One good thing about cork composition is that it can be used to ad- 
vantage for making in sections gaskets that are narrow and of very 
irregular and complex form, as gaskets for timing-gear housings some- 
time are. Such a gasket is diffi- 
eult to make in one piece. Make 
the gasket in as few sections as 
possible, and make V-shaped 
joints. Have the angles corre- 
spond accurately and butt them 
together closely. Make the joints 
where the gasket is widest. Have 
no joints at bolt-holes. When one 
section is cut, stick it in place with 
shellac; then put the next in place 
in the same way, and so on. When 
pressure is put on the joined places 
will be forced against each other 
and will hold oil perfectly. 

This method must not be used 
where there is pressure. It will 
not do at all. Joined gaskets can 
only be made of very elastic mate- 
rial, which will compress and ex- 
pand at the joined places. 





Paper Gaskets. CUTTING A GASKET IN SECTIONS 


This method can only be employed in the case of a 


Special paper Is made for gas- cork gasket used to make an oil or liquid-tight joint. 
kets but cood tough heavy wrap- It cannot be used where liquid or air are held under 
’ 5 5: ) é p pressure. 
ping paper works very well, espe- 
ially if it is given a coating of linseed oil. A paper gasket can be 
marked for cutting out in much the same way as described for the 
eylinder-head gasket ; but the tapping is not necessary. Rub your finger 
along instead of using a block and hammer. Make the gasket first and 
oil it afterwards. Be careful in putting it on, for it is easily wrinkled 
or torn. 


Gasket Essentials. 


Here are the main things to remember in applying gaskets: 
Use a ready-made gasket, exactly the same as the old one, if pos- 


sible. 
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If you have to make a gasket, make it of the same material as the 
old one, or of material of the same character. 

The new gasket must be the same thickness as the old one. The old 
gasket, however, will be compressed and somewhat thinner, after having 
been under pressure, than the new material. 

A gasket must be a perfect fit. If it has to be pulled and distorted to 
get it into place it is likely to buckle and leak. This is particularly true 
of gaskets under pressure. Do not depend upon shellac or any other 
compound to fill up bad places in a gasket. 

The entire surface of the gasket must be clean and unbroken. If 
there is a bad spot it will sooner or later make trouble. Do not use 
plain asbestos sheet for gaskets to hold water. Water softens the 
asbestos as it does blotting-paper and makes it very weak. 


Fitting New Piston Rings. 


If compression is weak, despite proper lubrication, tight valves and 
tight cylinder head—make certain of these points—examine the piston 
rings. If gas leaks past them the fact will be indicated by dark places 
where the rings do not bear against the cylinder walls sufficiently, if 
at all. Where the rings bear they will be bright and polished. The 
rings should bear evenly at all points. 

Often it will be found that there is indication of leakage on each side 
of the joint or points. This may be due to inaccurate finishing of the 
ring or to wear. 

If the rings show leakage and there is reason to assume that the 
cylinders are not badly worn, a new set of rings will often bring about 
an improvement. 

Before deciding on a new set of rings, be sure that leakage is actually 
due to wear and not to misplacement of the rings. If, after an engine 
has been running for some time, the pistons are removed and replaced 
with the positions of the rings changed, leakage is almost sure to occur. 
The reason is that the rings wear so that they accurately fit the slight 
oval of the cylinder; if they are turned, however, they will no longer fit. 

This leads up to the warning to be most careful to see that rings are 
put back exactly as they came out. It requires a good deal of care, but 
it is well worth while, for once the rings are moved it is a matter of 
the greatest difficulty—almost an impossibility—to get them where 
they belong again. 

For worn cylinders some of the sectional rings on the market are 
very satisfactory, if the wear is not too great, as they can expand un- 
equally to some extent and fill the space. 

Try the new rings in the grooves first to see that they are of the 
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right width. They should just slip in, without binding or tightness, 
but also without shake. Rings that are loose in the grooves will leak 
and will cause a slight knock in many cases. 

Try the ring by rolling it in the groove without putting it over the 
piston. See that the groove is deep enough to 
take the ring. The groove should be just the 
smallest fraction of an inch deeper than the ring. 
If the groove is not deep enough the ring will pro- 
ject and it will be impossible to get the piston into 
the cylinder. Take the pistons and a sample ring 
to a good automobile machinist and let him deepen 
the grooves. 

If the rings are a little too tight in the grooves 
—that is, if they will go in only by forcing—they 
can be fitted with the exercise of a little care and 
patience. 

Take a sheet of No. 1 emery cloth and tack it on 
a perfectly flat, smooth board. Lay the ring down 
on the emery cloth and rub it around with a cir- 
cular motion, taking in as much as possible of the 
whole sheet of emery cloth. Spread the fingers aia hic ieae 
fons many pomts of the ring as possible, so as to polle¢ eround in Oe orc 


: ps pr high spots which would make 
equalize the pressure, and shift the position of it stick can be readily dis 


the hand on the ring frequently, the idea being a 

to avoid taking more off one place than another. Work on only one 
side of the ring. Try the ring from time to time, first wiping it clean 
of emery dust. Try it all round— 
not at one point only—to check any 
tendency to excessive reduction in 
spots. 

When the ring fits perfectly all 
round, wash it carefully in gasoline 
to get rid of every trace of emery. 

Do not attempt to cut down either 
the outer or inner circumference of 

A. civenlar sliding motion of the ring on fat the ring in this or any other way. 
esiery coin wil serve fo amon he sutacs oven’ Tf aoill spoil the ring. 
in its groove. If the ring is so wide that it wili 
not enter the groove at all a narrower ring must be used or the grooves 
must be widened by the machinist. If this is necessary, give him the 
pistons and all the rings and let him do the whole job. A heavy lathe 


is necessary for this work. 


PISTON 








TAKING OFF THE “HIGH SPOTS” 
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Putting On Rings. Be, 
Piston rings are of cast iron. They are very elastic within narrow 
limits, but very brittle and easily broken by rough handling. They 
can be ‘stretched’? enough to go over the piston, but that is about all, 

and the stretching must be cautiously done. . | . 

Never take apart a ring that is made in several sections. The ring 
is finished finally with all the parts in place, and if their relate places 
are changed it 1s almost certain that they will not fit properly, even 

though they may appear to be all right. . 

About the easiest and safest way to get rings into their grooves is to 
take a piece of tin or other thin sheet metal large enough to wrap 
almost all the way around the piston and to reach from the lowest 

groove to a couple of inches above the top 

RING of the piston. 

TIN BAND Put the tin guide around the piston with 
its lower edge just above the uyper edge of 
the bottom groove. Slip the ring over the 

—rnotocon projecting end of the guide, which can be 

mms onoov’ contracted enough to allow this. Slide the 
ring down the guide—which, by the way, 

should be oiled—and it will expand grad- 
ually and evenly, until it Snaps into the 

A DEVICE FOR REPLACING &YOove. Move the guide up to the next ring 

PISTON RINGS groove and put in the ring in the same way, 


Rings are slightly elastic but are also 


ede Cea tenon tt subjected fa and sO nome | hiaaieear een safer than 
andue strain in an attempt to force them - . . 
over the cylinder without the aid of USING a number of Separate strips of tin, 
the méans herewith described, 2 : a . ' 

especially for the inexperienced. 

When all the rings are on, see that the joints ‘‘break’’—that is, that 
they are spaced as far apart as possible. In the case of a ring with a 
single joint, three rings to a piston, move the Joints so that each will 
be a third of the circumference of the piston from the next. Do not 
have the joint of the bottom ring in line with that of the top ring. 
When installing sectional rings, ‘‘break”’ the Joints in the same way, 
though of course there will be less distance between them. 





Putting In Pistons, 

When the rings are in their grooves they will be larger than the pis- 
ton. When in the cylinder they are compressed to the same diameter 
as the cylinder. They must be compressed to get the piston in. 

Single-piece rings can sometimes be compressed with the fingers, one 
ring at a time, as the piston is being inserted. This requires some skill 
to avoid damaging the rings, and it involves the risk of severely pinch- 
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ing the fingers. Sectional rings cannot be managed in this way. 

The safest way for rings of all kinds, and a way that saves the most 
time in the long run, is to make a clamp of sheet metal, such as heavy 
tin. The clamp is simply a piece of tin a little more than wide enough 
to cover all the rings and long enough to iN 
wrap around the piston after the two 
ends have been turned up to form flanges 
for small bolts, such as stove-bolts, to 
pull the clamp tight. 

When ready to put in the piston oil it 
and the rings liberally, oil the inside of 
the clamp, put it over the rings and screw 
up the bolts to draw it in and compress 
the rings. Tap gently the outside of the 
clamp, over the rings, with a screw- 
driver handle or some other wooden ob- 
ject, to ease the rings into place, and ay aip 70 PISTON INSTALLATION 
heen on screwing Wp until therings are — hesines satel Win os 


. 2 ment of the piston. Pinched fingers will 
flush with the piston surface. ‘The result if the repair man uses his fingers 


clamp should not be very tight when this St at eel oe) ad ee 
is done. Leave as much of the top of eee ceed Ve pat 

the piston projecting as possible, if the piston is to be inserted from 
the bottom of the cylinder, or leave the bottom of the piston projecting 
if it is to be inserted through the top. 

Insert the projecting end of the piston into the cylinder, and be care- 
ful to get it in straight and square. Then push. The piston should 
slip through the clamp, which will butt against the top of the eylinder 
and hold each ring, as it passes, compressed until it enters the eylinder. 

If you cannot push the piston through the clamp, the latter is too 
tight; loosen the clamp screws just a trifle and try again. Make sure 
that the rings are not allowed to expand, however, just before they 
reach the cylinder. Do not use too much force, for a ring may be 
caught, and forcing would probably break it, or at least mar its edges, 
which might cause scratching of the cylinder walls later on. 





STOVE* BOLTS 











WHAT YOU SHOULD KNOW AFTER READING CHAPTER III 


The practical reasons why cylinders and pistons should be kept in good condition. 

How cylinder and piston wear occurs, and why. 

What to do when cylinders are worn. 

How cylinders become scored. 

What to do with scored cylinders. 

What makes pistons seize or ‘‘freeze.’’ 

What indicates the approach of seizing. 

What to do when pistons seize. 

How to provide extra cylinder lubrication to prevent seizing. 

How and why carbon accumulates. 

How to prevent the accumulation of carbon with kerosene, water, alcohol, or 
burning. 

How to serape carbon. 

How to make cylinder head and other gaskets. 

How to make a tool for cutting bolt-holes in gaskets. 

How to make gaskets for cool places. 

What materials should be used for gaskets. 

The essential points in gasket work. 

How to tell if new piston rings are needed. 

How to tell if rings fit properly. 

How to fit rings that are too tight. 

Why piston rings Jeak. 

How to put rings in their grooves, 

How to make a guide for putting rings in grooves. 

How to put pistons in eylinders without injuring rings, 


How to make a elamp for putting pistons in cylinders. 


CHAPTER IV 
VALVES 
Why Valves are Vital. 


Valves, valve setting and valve-operating mechanism are of such 
prime importance in the operation of the engine that to a great extent 
the design of the whole movor hinges on these parts, and, in particular, 
upon the sizes of the valves—or, to be more accurate, upon the amount 
of clear space allowed by the valves for the passage of gas, both in-going 
and out-going. 

The valves exert a controlling influence upon the speed of the engine 
and therefore upon its maximum power for a given bore and stroke. 

Even small valves will permit an engine to operate efficiently at low 
speeds, assuming, of course, that they are set to open and close at the 
correct time. This is because the speed of the gases through the valve 
openings is moderate, so that the flow is free and easy, just as the flow 
of water through a pipe is easy if the volume of water is moderate in 
proportion to the size of the pipe. 


How Valves Affect Speed. 


When the speed of the engine is increased, it becomes necessary to 
draw eas faster through the intake valves and expel it faster through 
the exhaust valves. The higher the speed the more power it requires to 
do this. 

To illustrate this, take an empty pipe in your mouth and draw air 
through it at the rate at which you would draw ordinarily in smoking. 
Practically no effort is required. This corresponds to the ‘‘suction”’ of 
an engine running at moderate speed. 

Try to fill your lungs rapidly with air drawn through the pipe-stem, 
however, and at once the resistance to the flow of air will be felt. The 
faster you draw in the air the harder it wil! be, and very soon the point 
is reached where you cannot draw any faster, no matter how hard you 
try. Try to breathe rapidly—in and out—through the pine and the 
effect will be intensified. You cannot get your lungs full, and you can- 
not get them emptied. 


This is precisely what happens with the engine. When the speed 
51 
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rises to a certain point it cannot get its cylinders fully charged and it 
cannot get them entirely emptied on the exhaust stroke. 


Small Valves. 


Just as you must use a lot of power to get your breath in and out 
through the pipe-stem, so the engine must use a lot of power to get its 
gas‘in and out. This power, used up internally, must be subtracted 
from the power delivered by the engine at the clutch. The engine uses 
up part of its own energy in keeping itself going, and the proportion of 
energy so used increases with the speed. 

At the same time the quantity of gas taken in on the intake stroke de- 
creases. The piston shoots downward on the intake stroke so fast that 
when it reaches the bottom there is still a partial vacuum in the cylinder 
—that is, there is only part of a charge of combustible gas. With less 
than a full charge, the pressure of the explosion will be just so much 
short of the full normal pressure, which means a further loss of power. 
Finally, all the exhaust gas cannot be crowded out through the restricted 
valve passages in the short time available during the exhaust stroke, so 
that in addition to losing power in creating the pressure to force the 
exhaust out—remember how hard it was to breathe out rapidly through 
your pipe-stem—some of the dead gas is trapped when the exhaust valve 
closes and it mixes with the next incoming charge. Of course a cer- 
tain amount of dead gas is always left over to mingle with the fresh 
gas, even at moderate speed; but the quantity increases rapidly with the 
speed. 

SO WHEN AN ENGINE IS SPEEDED UP THIS IS WHAT 
HAPPENS: 

At first the power increases approximately in direct proportion to 
the speed. This is because there is an increase in the number of ex- 
plosions in a given time; other things being equal, the power of the en- 
gine 1s proportionate to the number of explosions per second, or per 
minute. But when the explosions grow weaker and at the same time 
more power is absorbed simply in getting the gases in and out, the in- 
crease of power becomes slower and slower, until finally the point is 
reached where the engine ceases to increase its power even though its 
speed may be still further increased. In many engines the power will 
actually become less as the speed becomes greater, beyond a certain 
point. 

Thus it happens that when an engine is run at the very highest speed 
of which it is capable, the power will be less than at a more moderate 
speed. . 

Increasing the area of the valve passages in any way permits the 
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engine to continue to increase its power to higher speeds. For instance, 
an engine that, with a given-sized valve will continue to imcrease its 
power until it develops, say, 30 horsepower at 2,000 revolutions per min- 
ute and then can go no further, may, if larger valve passages are pro- 
vided, get its gas in and out so 
much more easily that the power 
will go on increasing up to 3,000 
revolutions per minute, reaching 
perhaps 40 horsepower. There 
may be little or no: increase of 
power at low speeds, the only dif- 
ference being that the engine will 
run faster and deliver more 
power at high speed. So an en- 
gine with large valves, running at 
high speed, may be a smaller en- 
gine, for its power, than an engine 
with smaller valves which neces- 
sarily runs more slowly. This is 
the idea back of the high-speed 
engine. 


16 and 24 Valves. 


All this goes to explain the ac- 
tivity that has been manifested in 
the last few years in the produc- 
tion of engines with four valves 





s 7 5 be lv LARGE VALVE PASSAGES GIVE POWER 
per cj linder—two exhaust valves Unobstructed openings. wide, sweeping turns and 


large valves allow the gas to be sucked in and forced 
out with a minimum of loss. 


and two intake valves—and the 
excellent results that have been 
obtained from such engines. Mainly it is due to the rapidity with 
which the gas is moved and the small amount of power that is re- 
quired to draw it in and expel it. A four-cylinder engine with two 
intake and two exhaust valves per cylinder is commonly called a sixteen- 
valve engine, and a six is a twenty-four-valve engine. 


Why Not Large Valves? 


It might be thought that the simplest thing would be merely to make 
the valves very large. Practically, however, this will not work out. 
Large valves are more difficult to keep in condition than small valves; 
they warp more easily and are harder to grind. They are heavier, and 
when operated at high speed they pound hard on their seats. making a 
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good deal of noise, for very heavy springs are required to close them 
promptly, all of which adds to the power needed to move them—by no 
means a small item—and also increases very greatly the pressures on 
the cams, camshaft bearings and other parts. A further important 
point is that a large valve takes up a great deal of space and tends to 





CYLINDER BORE 





WHY FOUR SMALL VALVES ARE BETTER THAN TWO LARGE VALVES 


The four small valves shown above will admit and expel approximately the same amount of gas as 
the two large valves at the left. The design at the left is impractical, however, because of the large 
area occupicd by the valves which would give a compression space so large that the proper compression 
of the mixture could not be obtained. 


increase the bulk and weight of the engine and to complicate the design 
of the combustion chamber. For a given space, weight and power ab- 
sorption, much better results can be obtained by using two compara- 
tively small valves than one large one having the same total passage 
area. 


Operating Conditions Important. 


All the foregoing indicates that it is in the highest degree important 
that the valves should be maintained at the highest possible point of 
efficiency. Fortunately, the valves and their operation and arrange- 
ment give more trouble to the designer than anyone else. The user’s 
part is comparatively simple. 

The valve timing’ is too important to be meddled with, It is fixed 
by the proper meshing of the gears driving the camshaft, and the 
user’s only care is to be absolutely certain that if the gears are un- 
meshed, they are put together precisely in the original way. 


Timing. 


Before unmeshing timing gears, look for marks indicating how they 
should go together. If there are no marks, make marks of your own 


VALVES 55 


If there are only two gears, one on the crankshaft and the other on the 
camshaft, make a ‘‘pop-mark’’ with a small prick-punch on one tooth, 
say of the gear on the crankshaft, and similarly mark two teeth on the 
camshaft gear, one on each side of the tooth already marked. Then 
when putting the gears together it 
is necessary only to put the single 
pop-mark between the marks on the 
other gear. If there are three gears 
—one simply an intermediate to ° 
avoid the necessity for very large s 
gears—mark three teeth, as de- 
seribed, where the crankshaft and 
the intermediate gears mesh, and 
three where the intermediate and 
the camshaft gears mesh. 

By observing these precautions TWO ees OFr ING nae TEEHTI 
the re-timing of an engine will be Set eat eases einai wie te 

ae teeth mesh when the gears are replaced. ‘ 

unnecessary. If for any reason re- 
timing should be necessary, it must be done in the particular way fixed 
by the design of the particular engine. Valve timing differs so widely 
that there is no rule that is useful as a general guide. Look up your 
instruction book, or give the job to 
a repairman who knows, or find 
out from the maker of the engine. 
Don’t try to do any valve timing 
—unless you are an expert or you 
are forced to do the work yourself. 
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QML So. Lifter Adjustment. 
< SS 
x SSO 
There are many ways of adjust- 
Sa ee ing valve lifters or tappets, but in 
all cases the object 1s to maintam 
exactly the right space between the 
ROLLER LIFTER PLAIN LIFTER lifter and the end of the valve- 
TWO TYPES OF VALVE LIFTERS stem, upon which it pushes. 


The roller type wears but little; the plain, flat type SP - : K 
is sometimes designed with the valve stem set “‘off Phi a6 important beeause if 


a ae ae tee dames there is foo much space the valve 
Boek a cre ae eee will not begin to open until the 
lifter has traveled through the open space. That means that the valve 
will open late and delay the flow of gas, whether intake or exhaust. 
Further, it means that the valve will not open fully, so that the flow 


of gas will be restricted. Finally, it means that the valve will close 
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| VanveleTen too soon, still further cutting down the time 

| | during which the gas can flow. 
anjusunGsceew bearing in mind what has been said about the 
Si importance of a free flow of gas, the need for 
? = +S Beene correct tappet adjustment will be appreciated. 
Aa The clicking noise made by the lifters striking 
= the valve-stems when there is too much space 
a LIFTER is the smallest of the evils, but it serves as an 
A |IIIl| | indication of the need for adjustment that 
a should be heeded. In fact, it should be 
| | anticipated; the wear should not be allowed to 
i reach such a point that operation will be unduly 

VALVE LIFTER ADJUST- noisy. 


MENTS 
Too much clearance between 


the valve stem and lifter will Valve Adjustment. 


make a noisy motor, will cause 


es Aves ones etd fal Adjustment must be so made that when the 
et valve is closed there will be a very small space 
between lifter and valve-stem. The thickness of a piece of thin paper 
is sufficient. 

If the adjustment 1s made when the engine is cold it will be wrong 
when the engine is at its normal working temperature. This is because 
the expansion of the metals will tend to close — .vatve cannot stat 
up the gap, so that the tappet will never Se 
drop quite clear of the valve stem, and the 
valve will be held slightly open when it should 
be closed. : 

Adjust the lifters while the engine is hot ne 
possible. If this cannot conveniently be done 
for any reason, leave two or three times the 
normal space in adjusting the cold engine, and 
then test the adjustment when the engine is good 
and hot. There should be just room to ship ina 
piece of thin paper. If there is not room for 
this, or if there is too much Space, adjust accord- 
ingly. 

In some cases the proper clearance when the 
engine is cold is given by the instruction book, 
allowance being made for expansion. When ad- 
justing for cold clearance, always make a test 
when the engine is hot, for expansion may differ 
somewhat in different engines of the same makers 4,2. 00 


In this case the valve is not 
and model. allowed to seat and a portion of 


the charge will escape. 
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A good plan is to find a strip of sheet metal that exactly fits the 
space when the engine is cold and the valves properly adjusted. Then 
it can always be used as a gauge for adjusting cold. 

When the adjusting device is held by a lock-nut or jam-nut, do not 
test with the lock-nut loose. The final tightening usually makes a dif- 
ference in the adjustment. Test with everything tight. 

Make the adjustments exactly alike on all the lifters. This not only 
insures the best possible results from all cylinders, so far as the valve 
adjustment is concerned, but it prevents the ‘imping’’ that may, and 
not infrequently does, result from unequal adjustment. 

In a few engines it will be found that no means are provided for ad- 
justment. When wear occurs, however, it can be taken up by means 
of adjusters made for the purpose, which are simply little tubular 
clips of spring steel which slip over the ends of the valve stems. Little 
dises of metal can be inserted to make up any adjustment needed. 

If after grinding the valves on such an engine it is found that there 
is not enough clearance, so that the valves will always rest on the tap- 
pets, the ends of the valve-stems must be filed off or, if they are hard- 
ened, they must be ground. 

Do this work very carefully. 
In the first place there is danger 
of taking off too much, in which 
ease adjusters would have to be ran aoe 

WMT CL, 
used. In the second place, there YG, | Oj 
is danger of leaving the end of 
the stem out of square, in which 
case only one point would touch 
the lifter and there would be 
rapid wear and a little hole would 
be made; or, in a lifter of the type 
that turns when in operation, a 
cireular groove would be worn 
ried 

Here is a way of making the 
end of the stem true. : 

ee Minter ripe es ee ee 
off almost, but not quite enough, with its high spot at the center. It. is simpler to 

grind the end flat, as here shown. 
lay a bit of No. 1 or No. 1/4 emery 
cloth on the valve lifter, if it is not much worn. If it is consider- 
ably worn, put the emery cloth on a serap of sheet metal resting on the 
lifter. Put the valve in its place and the end of the stem will rest on the 
emery cloth. Turn the valve briskly round and round with a brace, 
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: indine. ‘THis yall eee ee 
using about the same pressure as in grinding. This w er ae d é 
Krone: vo ‘ifle convex 1e stem is 
; leave it just a trifle convex. 

the end of the stem and leave it j Miners 
much out of square the emery marks will show it, and F ae more 
: f unti ry ¢ can § 3 all over. 
should be filed or ground off until the emery cloth ean a vita a 
| ied | foregoing % j all engines with 

The principles embodied in the foregoing apply to a eng 
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THE OPERATING MECHANISM OF THE OVERHEAD VALVE ENGINE 


In this type of engine the lifters are the same as those already described. The lifters push against 
the rocker arms, however, the other ends of which force the valve downward into the head. The lifter 
adjustment, however, is sufficient to take up the wear which may occur on the push rods, rocker arms and 
the valve stems, 


poppet-valves. Of course the details of the valve-operating mechan- 
ism of engines differ greatly, especially in the ease of the overhead 
valve types. The principles understood, however, the rest is simply a 
matter of mixing them with common-sense and applying them to your 
engine, with the aid of the always-useful instruction bool 

In adjusting valves, as in all other w 
why you do a given thing, what result 


. 


ork on the car, find out exactly 
you expect to get, and you will 


VALVES 59 


have no serious difficulty in coming out right. But if you try to follow 
blindly a set of directions, without knowing why, you are much more 
likely to end up in the wrong place. And you won’t even know why 
you are wrong. 


Why Valves Need Grinding. 


The constant hammering of the valves on their seats causes wear, 
and such wear is not quite equal at all points. In time the points of 
greatest wear separate sufficiently to allow leakage, and this in itself 
increases the wear, especially in the exhaust valves. Grinding cuts 
down the high places to the same level as the worn places, smooths up 
the surfaces and makes them gas-tight again. ; 

The exhaust valves suffer more than the intake valves, for they are 
always at a very high temperature, which not only reduces their ability 
to resist the effects of pounding, but causes pitting, or the formation of 
little depressions, in the surfaces. There is also some tendency to 
warp from the heat, though a good valve rarely gives much trouble 
from this cause. 


How to Grind Valves. 


The first operation is to remove the valves, and the worst part of 
this is usually taking off the springs, though this is not quite so trouble- 
some as getting them back. The main thing is to get the spring com- 
pressed so that the pin or key holding it at the bottom can be removed. 
It pays to invest in a tool mode for the purpose, which does not cost 
much and saves a lot of time and pinched fingers. In the case of a 
big engine it is difficult to do much without the tool. 

Slack back the tappet adjustment so that there will be at least a 
sixteenth of an inch clearance under the end of the valve stem. This 
+s done because as the valve is ground, it is allowed to set closer to the 
lifter, and if there is not sufficient clearance the stem may rest on the 
lifter and keep the valve off its seat so that it will not grind. 

Clean the valve carefully, scraping off carbon if there is any, and 
washing it with gasoline all over. Clean the valve seat and all parts 
within reach in the same way. Stuff rags or waste into all openings 
leading into the cylinder to prevent grinding compound from getting 
sn. Do all that can be done to keep the compound from getting any- 
where except on the surfaces to be ground, for it is most destructive in 
the wrong place. 

If it can conveniently be arranged, put a light coiled spring under 
the valve head, or arrange it in any way so that the valve will not go 
down on its seat unless lightly pressed. This allows the valve to rise 
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from its seat during the grinding process whenever pressure is re- 
laxed. 

Use a fine grinding compound, which is obtainable at any supply store 
ready for use. Two grades, fine and coarse, often are put up in the 
same box, in different compartments. Use the fine grade. The coarse 
grade is usually too coarse for ordinary work and it is easy for the inex- 
pert grinder to score and cut the valve and seat. Flour emery mixed 
with oil can be used with just as good results as the prepared com- 
pound, but it is more bothersome. 

Dab the valve lightly with the compound. Only a little is needed—a 
light film. Dab a little oil on the valve seat. Put the valve in place 
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VALVE LIFTER 
THREE WAYS OF HOLDING THE VALVE OFF ITS SEAT 
As soon as the grinding pressure is removed, the valve should lift i i 
er pi s ; off its seat so that it may be 
t a . ~ . . } } } ; 
eres to a new grinding position. It is more convenient to use springs than to lift it by hand each 
































and turn it, under light pressure, back and forth about a quarter of a 
turn. Use a screw-driver or a brace with a serew-driver bit. Every 
half dozen or.so of turns let the valve come up off its seat, if a spring 
is used, or put your finger under the end of the stem and raise it, if 
there is no spring, and give it a turn to bring it into a new position 
before starting to grind again. 
What follows depends a good deal on the condition of the valve. If 
it was in fair eondition before grinding, with only slicht indications 
of leakage, grind until there is a feeling that the compen has ceased 
to “‘bite.’’ Then lift the valve, smear a little oil on it, but no more 
compound, grind again for a few minutes as before, ne then wipe 
both valve and seat clean, put them together and give a couple of 
quarter turns and look to see if enough grinding has been done 

The marks should show that there is contact over at least half the 
width of the surfaces, Tt jg not necessary, and moreover it is very diffi 
cult, to get really good contact over the whole surface. , 

In trying the valve do not press hard, do not move the valve more 
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than a few times and do not turn more than quarter of a circle or about 
that. You can make a leaky valve look like a perfectly ground job by © 
pressing hard, or giving a few complete turns. But this will not, make 
it a good job. 

If the valve was in bad shape, a good deal of grinding will be re- 
quired and fresh com- rycessiveELy WORN 
pound must be put on VALVE 
from time to time. Wipe 
orethe cldecut each time So) (Nes eae 47 
to give the new charge 
full play. This speeds 
up the grinding. Put on 
a little oil occasionally 
to keep the valve from 
grinding dry. In fact, it 


PITTED VALVE 












































is a good idea to mix a VALVES WHICH NEED GRINDING 

little of the compound _ The one on the left is so badly worn that it would probably need 
Me een dee ine caaten cae ence Pea tae elomereey enti 
ee ee -remedied by proper grinding. : 

As the grinding nears completion, stop putting on fresh compound, 
but instead put on a little oil. This will make the cut finer and finer, 
and a smoother surface will result. The smoother and better finished 
the final surface, the longer the valve will run without regrinding. 

The sense of feeling is important in grinding valves. There is 
rather a strong tendency for the compound to ‘ball up’’ and cut 

grooves. It is to 
avoid this that the 
valve is raised and 
shifted around. But 
a tendency to cut 
grooves can be felt; 

VALVE SEAT NEED MORE acoop seat there will be a grat- 

MARKED GRINDING ing feeling, more 
ee etka eee harsh than the grat- 


When all pencil marks or chalk marks are rubbed off throughout the 
greater part of their length, a good, gas-tight seat has been secured. ing of the new com- 


pound and quite distinguishable from it. This is a danger signal. 
Lift the valve, spread the compound with a finger and put on less 
pressure next time. 

When you think the job is finished, wipe valve and seat very clean 
and make half a dozen marks across the valve seat with a soft pencil, 
chalk, or anything that will leave a light mark. Set the valve down and 
give it a couple of quarter turns, just as you would in grinding. If 
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the job is finished all the marks will be wiped away along the zone of 
contact. If some of the marks are untouched, go on grinding, for there 
will be a leak if you do not. 

Remember that in making this test too much pressure or too much 
turning will gwe a false story. Very slight movement under very 
slight pressure will take out the marks on a properly ground valve. 

If you want to do an extra good job, put a little graphite on the valve 
seat along with the old, nearly worn-out grinding compound for the 
last stage of the grinding. Apply just a trifle more pressure than be- 
fore. Use plenty of oil. The result will be an exceedingly smooth 
finish. Some mechanics like to give the valve a final rubbing in with 
only graphite and oil, turning it through a complete circle. This is sim- 
ply a polishing operation. 

Wipe away all the mess of grinding compound and oil. A rag damp- 
ened with kerosene or gasoline is good for this. Avoid washing com- 
pound down into the valve-stem guide, where it can do a lot of damage, 

even if there is not much of it. 


What To Do With Very Bad Valves. 


If a reasonable amount of grinding will not bring the valve to a good 
Seating, as may happen when grinding is long overdue and is more 
likely to happen with the exhaust valves, do not keep on in the hope 
of ‘‘reaching bottom’? sometime. The valve seat will unnecessarily 
cut down and you will waste time and energy. Put in a new valve or, 
if this 1s not practicable or convenient, get the old valve trued up by a 
repairman. In either case it is necessary to grind in. 

If ridges project above or below the seating zone, either on the valve 
or the seat, do not grind until the ridges have been removed. If you 
are somewhat skilled with tools, you ean do the job with a fine half- 
round file or perhaps a scraper. If you are not, the fepairman can 
do it in short order with a special reamer made for the purpose, and 
while he is about it he should true up the valves, for the cutting process 
is almost sure to slightly change the angle of the bevel. Finally, they 
must be ground in. Do not try to grind in very badly pitted valves. 
Have them trued up or get new ones. 

If the valve is in a cage a test for tightness can be made by turning 
the cage upside down and pouring a little gasoline in. Gasoline will 
go through an exceedingly minute erack, and if the valve holds Lie 


can be considered tight enough. A valve in a removable cylinder head 
can be tested in the same way. 
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Adjustment Necessary After Grinding. 


As the grinding allows the valve to drop lower, readjustment of the 
lifters will be necessary every time grinding is done, even if the ad- 
justment was perfect before grinding. Hf you omit this you will prob- 
ably find that some of the valves will not seat. The grinding makes 
more difference in this respect than the inexperienced user would 
expect. 


What Happens When Valve Stems Wear. 

Valve stems are subject to a good deal of wear, more in some engines 
than in others. When the stems are much worn there is no use keep- 
ing the valves; get new ones and grind them in. 

Worn valve stems allow the valve to move laterally, and the result 
is that the valve does not come down truly on its seat and so very 
quickly wears to the point of leaking, no matter how often it is ground. 
Further, a surprising amount of air can be drawn into the engine be- 
tween worn valve-stems and their guides, and missing and loss of power 
often result. . 

Occasionally it will be found that the stems do not get enough oil, 
and they will wear fast and not infrequently set up a little intermittent 
squeaking that may be quite baffling. A squirt from an oil-ecan will 
settle the trouble for the time being, but the stems should be oiled 
every day at least if they tend to run dry, and if possible should be 
fitted with little oilers which are made for the purpose and are sold 
at most supply stores. These are simply little metal-cased felt pads 
that fit around the stems at the top and hold enough oil to last for some 
time. 

If the stems are much worn, it may be that the guides are worn too, 
in which case new valves will only partly remedy the trouble. Where 
the guides are simply holes reamed in the engine casting there is no 
remedy except to fit valves with over-size stems, which is usnally a job 
for the repairman. If the guides are removable, new guides and new 
valves will restore things to the original condition of tightness. 

Cast iron makes a remarkably durable bearing surface under proper 
conditions, and usually the valve stems running in plain holes in the 
cast iron will wear much faster than the holes. 


Result of Wear in Rollers. 

Where there are rollers at the bottom of the valve-lifters to take 
the thrust of the cams it occasionally happens that a roller sticks, espe- 
cially in a new engine, and so takes all the wear in one place. Ex- 
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amine the rollers when opportunity offers. This, however, is not a 


common trouble. 

After a long running the rollers may become worn in their bearing, 
so that there is a good deal of shake or lost motion. This means that 
valve operation will be affected exactly as if there was too much space 
between the lifter and the valve-stem. Make good the trouble in the 
way provided in your particular engine. Keep a lookout for rollers 
worn in one spot. In the hardening operation it may happen that a 
roller gets through somewhat too soft, or soft in one spot, in which case 
it will wear too fast or wear too much in one place. Once a spot starts 
to wear it will continue to wear more rapidly. 

Ordinarily such troubles do not occur. All these parts are thor- 
oughly lubricated and are made very hard, so that wear is slight. But 
it is well to know what may happen and 
to keep an eye open for the unexpected. 


Cam Wear. 


Cams are always extremely hard, 
have broad wearing surfaces and are 
well lubricated. So they wear compara- 
tively little. If there are indications of 
excessive wear there is nothing to do but 
get a new camshaft, for shaft and cams 
are all ina single piece. Camshaft bear- 
ing wear is more common, and has the 
effect of decreasing the lift of the cams, 
so that the valve does not get its full 
opening. Replacement of the bearings 
as described in Chapter 2, is the remedy. 











Sleeve Valves. 





cee : Sleeve valves are totally different 

rpat hean the cro'tttee Mh arg ao eet Nalves in every way. They 
cylinder move in opposite directions ana “YF Simply sliding cylinders placed be- 
ie ee ae Sac tween the piston and the cylinder walls, 
; so that the piston, instead of working 
against the cylinder walls, as in the ordinary engine, slides.inside as 
inner sleeve valve. Usually there are two sleeves seen to the piston 
and one next to the cylinder. Slots cut in the sleeves register with the 
passages in the top of the cylinder to allow gas to pass, and when the 
slots do not register the valves are closed. The sleeves are moved up 


and down by eccentrics and short connecting-rods, the usual camshaft, 
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lifters and so on being absent. All the eccentrics are mounted on one 
shaft, just as the cams are all on one shaft, and the shaft is usually 


driven by a silent chain 
instead of by gears, the 
chain and_ sprocket oc- 
cupying the usual casing 
at the front of the engine. 


Sleeve-valve Engine 
Troubles. 


A sleeve-valve engine 
kept in good condition is 
unlikely to give trouble 
due to valves. The sur- 
faces are so large that 
wear is practically negli- 
gible, given proper lubri- 
eation. But inadequate 
lubrication can cause a 
great deal of trouble, also 
because of the very large 
surfaces, for without oil 
the valves will stick or 
freeze and hold so hard 
that the valve-operating 








THE EIGHT-CYLINDER SLEEVE VALVE ENGINE 


The cylinder at the left is shown as the two sleeves are pass- 
ing the intake port which corresponds to the full opening of 
the intake valve on the poppet type of engine. 


gear may be wrecked. In case of stiffness in the engine that cannot 
be located immediately, have a careful examination made to see if the 


valves are getting oil. 


WHAT YOU SHOULD KNOW AFTER READING CHAPTER IV 


Why valves are necessary. 
The effect of their design on the speed of the car. 
Why small valves are inefficient. 

What happens when the engine is speeded up. 
Why 16 and 24 valves are used in some engines, 
Why valve timing is not a job for an amateur. 
How lifters are adjusted. 

Why valves should be adjusted when hot. 

How to make the valve stem true. 

Why valves need grinding. 

The best way to grind valves, 

How to test valves for a perfect fit. 

What to do if the valve is ina very bad condition. 
What adjustments are hecessary after grinding, 
The effect of worn valve stem. 

How to repair worn rollers, 


How sleeve valves work. : 
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CHAPTER V 
TIMING GEARS AND CHAINS 


What Timing Gears Are. 


The business of the timing gears is to drive the camshaft carrying 
the cams which actuate the valves. As the valves of a given cylinder 
open and close at every other revolution of the crankshaft, it follows 
that the camshaft must be driven at exactly half the speed of the 
crankshaft. This is accomplished by making the driving gear, on the 
crankshaft, precisely half the size of the driven gear on the camshaft. 

In some cases the camshaft is at such a distance from the crankshaft 
that if only two gears were used they would have to be of such large 
diameter as to occupy an awkward amount of space. To obviate this 
three gears sometimes are used—a small gear on the crankshaft, a gear 
of twice the size on the camshaft, as before, and an intermediate gear 
large enough to drive from one to the other. The size of the inter- 
mediate gear does not matter in the least, so far as the relative speeds 
of the crankshaft and camshaft are concerned. As long as these two 
gears are in the ratio of two to one the intermediate gear may be two 
inches or two feet in diameter without making any difference. So the 
intermediate gear is made of whatever size will best suit the design 
of the front end of the engine. 

The use of an intermediate gear causes the 
eamshaft to be turned in the opposite direc- 
tion to that in which it would turn if driven 
direct from the crankshaft gear which, how- 
ever, makes no difference so far as the opera- 
tion of the cams is concerned. 


How Gears are Mounted on Shafts. 


Timing gears are secured to their respec- 
tive shafts in a variety of ways. One way 
is to bolt the gears to flanges formed on the 

; ‘ The gear is forced on its tapered 
shafts. Another is to taper the hole in the hub over the key and is held by a 
nut and lock washer. 
gear, taper the seat of the gear on the shaft, 
fit a key to prevent the gear from turning on the shaft and provide 


a nut on the shaft to press the gear tight on the taper seat and key. 
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HOLDING THE GEAR IN PLACE 
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Still another is to simply make the gear 
a good fit on the shaft and drive a tapered 
pin into a tapered hole running through 
both sides of the gear hub and the shaft. 

Whatever method is used, the impor- 
tant thing is to be sure that the gear is 
held so that it cannot move on its shaft 
and that the nuts, screws or pins are so 

Kor aeennDee ne secured in their places that they cannot 

This is driven through an opening of work loose. 
siete NEP Ae Fie yaaa IE may ‘be emphasized here that there is 
Wi ps ca no such thing as being too careful about 
locking bolts, nuts and the like in their 
places. The intermittent and often heavy 
strains, the constant vibration and even 
the changes of temperature, ranging from 
very cold to very hot, all tend to cause 
looseness. It may look, to the inexperi- 
enced man, like an excess of caution when 
screws or nuts are provided with lock- 
washers and then with wire passed 
through holes drilled in all the heads, or 
with lock-washers and castellated nuts 
with split-pins. It is not an excess, how- HOLDING THREE NUTS IN PLACE 
ever. Lock-washers often break and fail techie re ee putoneel 
to hold. Split-pins sometimes fall out. ‘8 then twisted so that none can turn. 
But a double lock is practically immune from trouble, 
and immunity from trouble of this kind is absolutely 
necessary. 

Where the fastenings are bolts or screws and one 
of them becomes loose and backs out, it may not 
affect the security of the gear itself, for if there are, 
say, two others they will hold well enough in all 
probability. But the projecting screw may strike 
against some other part, or it may scrape against the 
housing and gradually cut through it—which has 
happened many times. If the screw strikes any- 
ins thing something has to break or bend. If it falls 
CASTELLATED nur OUt it may, and probably will, wreck the gears. 

Slots cut in the top of | ‘Taper pins may work out of place unless the small 


this register with the hole 


in the bolt so that a cotter CNd 1s slight] Yl 
Sa a abe gnuy riveted over. They must always be 


ee tightly driven, and the holes accurately lined up. 


















WIRE TWISTED 
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A shaft nut holding a gear on a taper seat must be well tightened and 
locked. If it backs off the gear will back off too and, if there is room, 
will continue to back off until it gets out of mesh, or it may continue 
to operate half off, allowing much back-lash, which seriously affects 
the valve timing. At the same time the teeth will wear rapidly and 
unevenly. 


Types of Keys. 


There are two types of keys in common use, the plain square-section 
key and the Woodruff. The ordinary plain key is simply a piece of 
square steel fitting accurately 
and tightly in two grooves, one 
in the shaft and the other in the 
hub of the gear, the two, when 
brought together, forming an 
opening of exactly the size and 
shape of the key. The opening 
into which the key goes is called 
the key-seat or keyway. 

The Woodruff key is semicir- 
cular—half of a steel dise. Its 
key-seat in the shaft is of the Half of the key is placed in the slot in the shaft 
same are shape as the key, and and half in a recess cut in the hub; this causes the 

. shaft and hub to turn as a unit. 
the round part of the key fits it 
exactly, leaving the straight edge projecting as much as is necessary to 
hold the gear properly. Once in its place the Woodruff key cannot 
work out. Because of its semi-circular shape it can rock in its seat in 
the shaft so that, as the gear is forced into place, it adjusts itself to the 
key-seat in the gear hub. 





A PLAIN KEY 


How Keys and Key-seats Wear. 


A well-fitted key of sufficient size to stand the strains to which it 18 

ORIGINAL SECTION subjected shows very little wear. As 
SectION WHEN worn & matter of fact it should show none. 
The fact is, however, that keys some- 
times do show wear. Usually it is 
because of loose fitting, which per- 
mits hammering, or because of inac- 
ee curate fitting, so that one part of the 





WHAT HAPPENS WHEN THE KEY WEARS key takes all the strain. The key be- 


The wear occurs on the sides where the power 


is applied and where the resistance is overcome. comes worn on the surfaces under 


Looseness rapidly induces additional looseness; ; 6 
hence, the key should always be kept tight. pressure, and the wear allows it to 
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tilt a little, and this not only distorts the key itself, but the key-seats 
as well, so that they become enlarged at the edges and lose their square- 
ness. Ordinary keys are more subject to trouble of this kind than the 
Woodruff type beeause of the deep seat of the latter in the shaft hold- 
ing it up and tending to prevent tilting. 


Refitting Keys. 

When a key is found to be worn there is absolutely no use trying to 
make it do further service. A new key must be made and fitted to the 
key-seats. 

The mere fact that a key is taught im its place does not indicate that 
it will give good service. It must be reasonably tight, but the important 
thing is to have it bear evenly on all sides of the key-seats. It is a com- 
mon thing to see a man hammer a key out of shape to make it a tight 
fit. A key ‘‘fitted’’ in this way will not give enough service to make it 
worth putting in. Don’t do it, except, possibly, as a last resort in an 
emergency. 

Fitting a key is not a very difficult job if the fitter will be content to 
go slowly and carefully and give free rein to his mechanical conscience 
—-that is, the kind of conscience that will not be satisfied to let a poor job 
go through. 

With a key of the ordinary type the first thing to do is to get a piece 
of steel a little larger than the original key to allow for the slight en- 
largement of the keyway due to squaring it up. Usually the key-seat 
will be widest at the top and narrowest at the bottom. The wear will 
not be the same on both sides, however, for naturally the side against 
which the pressure comes will get the worst of it. The keyway in the 
shaft will be most worn on the side opposite to that which gets the most 
wear in the keyway in the hub. 


Material for Keys. 


Finished square steel suitable for making keys can be obtained 
at large hardware stores. If this is unobtainable square tool steel will 
do very well, provided the proper size can be had. It will pay to take 
a good deal of trouble to get the right size of steel, for making a key 
from stock that has to be much reduced in size is not easy for the tyro— 
that is, the making of a really good key. 

Square up the keyway with a smooth-cut file. The sides of the key- 
way must be parallel and at right angles with the bottom. This is 
where care in the work is necessary. ‘The new key is used as a gauge. 
It must touch for its full length on both sides, and rest squarely on the 
bottom of the seat. 


Take the greatest pains to make the sides of the keyway parallel. 
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It is very easy to file a little more off the ends than the middle, or more 
off one end than the other, and this must be avoided. 

If you find that the key fits at one end of the keyway, but will not 
enter at the middle, tilt your file so as 
to take off metal at the tight place with- 
out touching the part where the key al- 
ready fits. 

Get the corners of the keyway cleaned 
out as sharply as possible. Even then it 
is probable that the corners of the key 
will be even sharper so that the key can- 
not go all the way to the bottom. Round make the corners of the keyway as square 
Of themkey comers very saphtly—just if tsi. se est theme maybe fore 
enough to let the key down, and no more. 

Get the key right down on the bottom of the keyway. 

Fit the key into the shaft first. Leave it half an inch or so too long 
and taper the projecting end so that it is a little smaller than the old 
keyway. Put the key in place in the shaft. It should go in a light 
driving fit. Drive it in lengthwise and send it to the bottom with a 
block of wood between it and the hammer. 


The Gear Hub. 

Start squaring up the keyway in the gear hub, but do not at first take 
off as much as in fitting the key in the shaft. Do the final fitting by 
slipping the gear into place and sliding it as far as it will go over the 
key. Put Prussian blue, or red lead or any other kind of marking on 
the key and it will show where to remove metal in the keyway in the 
hub. The key will be found, in all probability, too high. It will be 
better to file off the top of the key to fit the bottom of the hub keyway 

than to file the latter. Don’t forget 

ee the slight rounding of the corners in 
doing this. The sides must fit just 

_Lometa. sta als in the shaft keyway. Neglecting 

the corners may make you think the 

key is fitting tightly when really only 

the corners are holding it and mak- 

eee ae ux Gi ewe ing it bind. The last part of the 


Place a strip of copper or brass between the job is to trim off the projecting end 
key and the sides of its seat to take up the wear. of the key. 





ROUND OFF THE KEY CORNERS 


Temporary Key Tightening. 
In case a key needs refitting and new steel cannot be obtained at the 
time a fair joh can be done by squaring up the keyways and the old 
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key and filling the space with a strip of thin metal of the same size 
as one side of the key. In such a case it is necessary only to use the 
sheet metal at one side. Hard brass can be used. This is distinctly a 
temporary job. It is better, however, to do a temporary job than to 
let a gear run loose on its key. 


Refitting Woodruff Key. 


Woodruff keys rarely show wear in the shaft key-seat. If there is 
wear in the hub key-seat and the corresponding part of the key it can 
be taken up, as a temporary expedient, by using a slip of sheet metal, 
as described. While keys are made in a wide range of sizes and are 
easily obtained, a new key can be made by Sawing a section from a 
round bar of steel of the proper diameter and filing it to fit. The trou- 
ble with this kind of a job is that while the deep part of the keyway 
remains its original width the hub part is likely to be larger. If you 
are possessed of a little skill with tools you can make the new key 
thicker above the shaft than in it, and so fit it to both seats. Otherwise 
it is a job for the repairman. It may be said, however, that these keys 
are not often found in trouble. 


Other Forms of Keys. 


When it is necessary to use a key on a plain shaft at such a place 
that the keyway cannot be run to the end of the shaft the key is ‘‘let in,”’ 
a seat being cut the exact length of the 
key and the key fitted into it; usually the 
ends are round. 

Sometimes it is desirable to fit a “let- 
in’? key so that it will remain firmly 
fixed in position. This can be done very 
effectively by making a key with the ends 
beveled, undercutting the ends of the 
keyway in the shaft to the same angle, 
bending the key until it is shortened 
sufficiently to go in and then straighten- 

if, Be PONS Ey Pe, ing it out in place with a hammer, fore- 
must be put in so that it will stay in place. Ing the beveled ends into the under- 

cuttings. 

In making and fitting such a key it is necessary to work with a good 
deal of care. The first operation is to undercut the ends of the keyway. 
It would be extremely difficult to do this with absolute accuracy and 
it is not necessary that it should be a perfect job. But the angle should 
correspond as nearly as possible with that of the key. A Sharp, nar- 


Mm it 
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row cold chisel—the same width as the keyway—should be used. Care 
must be taken to see that there will be room for the key when it is 
straightened out in its place. Otherwise it could not be straightened. 
If the key is shorter than the keyway it cannot be made tight. This is 
simply a matter of careful measurement, gaa eran 


INSERTION 


however, and is not difficult. 

When the key is set in for straighten- 
ing, hammer it down with a piece of soft 
brass or copper as a buffer. Inevitably 
the key will be somewhat crooked on top, 
and for this reason it must be left a little 
high so that it can be trimmed down and 
subsequently properly fitted in the other 
key-seat. Soft steel must be used for SHAFT 
this work. Tool steel or any hard, 
springy steel will not answer because it 





Le EN, 





KEY INSERTED 






INSERTING A “DOVETAIL” KEY 
will not bend easily enough and cannot This is solid and substantial design 


and is easily made and inserted. 


be properly hammered out, straight. 

Once the key has reached bottom, which can be detected by the feel 
of the hammer, stop hammering. Use a few fairly heavy blows rather 
than many light blows, the straightening is better effected in this 
way. 

Occasionally a key is used that is tapered and driven into place in a 
tapered seat. Such a key usually has a head which makes its removal 
possible. If the key is not very tight it ean often be pried out by in- 
serting a steel bar under the head. If it is tight it can usually be per- 
suaded to come out by using a hammer on the long end of the bar. 10 
there are openings in the web of the keyed wheel, or if it has spokes, a 
bar can be rested against the head and a hammer applied, and this is 
the easiest way to do the job. Fitting a new key in a tapered seat re- 
quires nothing more than patience in driving the key ina little to mark 
it, removing it and filing, trying again and so on until a good fit is ob- 
tained. Be careful not to drive hard. In the early stages the outer 
end of the keyway will be enlarged by too much force. Press the key 
in by hand until it gets so much bearing that this does not give plain 
marks. Then drive only very lightly. 


Timing Gear Wear. 


The chief result of timing gear wear is noise, and timing gears are 
capable of making a good deal of noise if they are badly worn. Exces- 
sive wear will of course affect the valve timing, but with the good gears 
commonly used in modern cars sufficient wear to throw the valves out 


EVERYMAN’S GUIDE TO MOTOR EFFICIENCY 
appreciably rarely occurs. If gears are badly worn there is nothing 
to do but replace them. 


Replacing Timing Gears. 

In putting in a new set of timing gears the important consideration 
is to make sure that the timing is not altered—that is, that the relative 
positions of the crankshaft and the camshaft are preserved abso- 
lutely. 

Leave the old gears in position until the new gears are at hand. 
Secure the crankshaft and camshaft so they cannot move while the 
change is being made. Just how this is done will depend upon the eon- 
struction of the engine. If the flywheel is exposed it can be lightly 
wedged so that it cannot turn. The camshaft is likely to be moved, as 
soon as the gears are unmeshed, by the pressure of the valve springs 
acting on the cams through the lifters, so do not remove the gears until 
the camshaft has been blocked. 

The new gears will probably go into place a little stiffly, and care 
will have to be used not to move the shafts in getting them on. 

If the new gears are marked for meshing, disregard the marks at 
first. Put them on with the engine just as it was, and when they are 
on see if the marks come together properly. In all probability they 
will. It is easier to do this than to try to get the shafts into the right 
position first. 

If the gears are marked and instructions are given to put them with 
the marks coming together with the flywheel in a certain position, de- 
termined by the marks on its rim, set the flywheel properly and then 
block it and the camshaft. The gear marks should then come together. 


How Chains are Used. 


In many cars the camshaft is driven by a chain of the silent type in- 
stead of by gears. Chain drive has the advantage that it is practically 
noiseless, when the chain is properly adjusted, and even when it is 
somewhat loose it is quieter than slightly worn gears. A common prae- 
tice is to use the same chain that drives the camshaft to drive the 
auxiliary shaft—that is, the shaft carrying the generator, pump and 
so on—running the chain over three sprockets and forming what is 
called a triangular drive. 

Chains always ‘‘stretch”’ and the stretching is most rapid in a new 
chain. As a rule the chain requires adjustment after about 1,000 miles 
in a new car, and thereafter at considerably longer intervals. In some 


cases the camshaft is driven by gears and the auxiliary shaft by chain. 
Sometimes there are two chains, 










EIGHT-CYLINDER TYPE 
The single large cam-shaft gear operates all | 
16 valves. 


WHY THE CHAIN IS SILENT 
Bach link is composed of half a dozen or so of 

thin sections which enables each “tooth” to ad- 

just itself automatically to wear in the gear. 


: q 
THE OVERHEAD OAM-SHAFT TYPE 
The height of the cam-shaft above the crank-shaft 
makes the use of two chains better than one long 
chain. 





EIGHT CYLINDER TYPE OF DRIVE 
The cam-shaft is driven by the large central gear 
from which a chain extends to the pump and timer shaft, 
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Methods of adjustment differ in different cars. Your instruction 
book will tell how your chain is adjusted, if you have one. 

A chain that is too loose will have a slight rattle, and if it runs close 
to the housing it may slap against it. The effect on the timing is the 
same as in the case of loose gears. In some cars the adjustment of the 
chain does not affect the timing; in others it does. Refer to the in- 
struction book or the service station. 

Hiven if a loose chain is not particularly noisy it should be adjusted, 
for there is considerable danger that the intermittent strains may 
cause it to break. 

In adjusting a chain take care that it is not made too tight. Too 
tight a chain will make a humming noise with a grind init. It is hard 
on itself and on the bearings. 

When a chain is so worn that it cannot be taken up any more it is 
sometimes shortened by putting in what is called a ‘‘hunting”’ section. 
This is a short section containing one link less than the section re- 
moved. Better let the repairman do this, as it is rather a delicate job 
and must be done just right. 


WHAT YOU SHOULD KNOW AFTER READING CHAPTER V 


What timing gears are. 

Why intermediate gears are used. 
How gears are mounted on shafts. 
Why the fastenings must be positive. 
What may happen if screws or bolts loosen. 
What may happen if a gear gets loose. 
What a plain key is. 

What a Woodruff key is. 

What other kinds of keys are used. 
How keys and keyseats wear. _ 

How to fit a new plain key. 

How to make a temporary key fit. 

How to fit a worn Woodruff key. 

What kind of steel to use for keys. 
How to square up worn keyways. 

How to fit taper keys. 

How to make a dovetailed key. 

How to remove a headed key. 

What happens when timing gears wear. 
How to replace a set of timing gears. 
How chains are used for camshaft drive. 
What a triangular drive is. - 

Why chains are advantageous. 

How chains wear and stretch. 

What happens if the chain is too loose. 
What happens if the chain is too tight. 


What to do when a chain cannot be adjusted any more. 
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CHAPTER VI 
IGNITION 


Little Things Important in Ignition. 


In the ignition system, more than in any other part of the car, small 
matters and minute adjustments are vital. Not that close adjustment 
is not important in other things besides ignition, but whereas, for in- 
stance, the carburetor can be considerably out of adjustment and yet 
the engine will run passably, any considerable lack of ignition adjust- 
ment will bring everything to a stop. The fundamental reason is that 
the range of adjustment is very small, being measured in hundredths 
and even thousandths of an inch. Small though such spaces are. they 
are sufficient to make a vast difference. An infinitesimal gap will ef- 
fectually stop the flow of a low-tension current. A generator brush 
that misses making contact with the eommutator by a hair’s breadth 
will put the whole system out of order. A very few hundredths of an 
inch in a spark-plug gap will make the difference between regular fir- 
ing and regular missing. And so on. Keeping the ignition system in 
proper condition is a matter of small attentions. Almost invariably 
the bigger things take care of themselves. 


Direction of Adjustment. 


If an ordinary adjustment is required, for which convenient pro- 
vision has been made, there are two vital points to be remembered. 
Furst, as has been stated, the amount of adjustment will be very small. 
Lhe second point is that the normal wear which calls for adjustment 
takes place in a certain definite direction, and the adjusting means are 
designed to follow up this wear. So find out first of all in what direc- 
tion your adjustment is to be made, and follow it up in the proper way 
and a very little at a time. 

There is a substantial reason for this. If your adjustment is out a 
hundredth of an inch, and you go to work and turn your screw, or 
whatever it may be, in the wrong direction, you are completely at sea, 
for you have altogether lost the original adjustment and, having done 
this, it will be all the more troublesome to get things right. 

On the other hand, if you know positively the direction of wear, and 
therefore the direction in which you must make the adjustment, you: 


can proceed until you obtain results and you will not have the feelin 
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that you are groping around in the dark and that you may hit it or you 
may not. And if you do not, you will not know why. 

All this may seem too simple and elementary. In fact, it is simple 
and elementary. That, however, is just the reason why it is vital. 

It is a fact that nine-tenths of the troubles that beset car owners, so 
far as ignition is concerned (to say nothing of other matters) could be 
avoided by a rooted appreciation of these principles and the use of 
common sense in their application. 


Principles More Important Than Details. 


All ignition systems are alike in many respects. The whole object 
is to cause a current of electricity to jump from one spark-plug electrode 
to the other. This calls for a current of high tension, and high ten- 
sion, to all intents and purposes, means simply high pressure, for a 
low-pressure current will not jump the gap. Of course, even a high- 
pressure or high-tension current has its limitations, and will not jump 
if the gap is too wide, just as a man cannot jump a ditch if it is too wide 
for his leaping ability. — 

At this point the question may be asked: Why not provide a current 
of such intensity that it could jump any gap? 


Limits to Intensity of Current. 


It is true that it would be a very simple matter to generate such a 
current; there would be no difficulty in that score. But there are two 
reasons why it would be impracticable. In the first place the heavy 
current would burn away the spark-plug points, and the plugs, no mat- 
ter how well made, would soon go out of business. In the second place 
high-tension current is difficult to confine. It will find its way through 
the most efficient insulation that can be used. If you want proof—and 
have not already had it through sundry electrical jolts—take hold of 
a high-tension wire and lay the other hand on the engine or the frame 
of the car when the engine is running. The fact that the current is 
exceedingly difficult to confine will be conclusively and painfully dem- 
onstrated, for it will pass instantly through the heavy covering of the 
wire——a hundredth part of that covering would stop a low-tension cur- 
rent—and pass through your body, which is itself a fairly good in- 
sulator. 

Increase the pressure of the current to any considerable extent and 
‘+t would be a constant source of trouble from leakage. It would in- 
volve insulation of impracticable thickness and weight, the wide separa- 
tion of all parts carrying the current, and would add much to the bulk 
and weight of the whole system. Dampness would make untold trou- 
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ble, for the slightest moisture forms an easy path for a high-tension 

STE MERC Ait I 1 ar sed are out of the 
eurrent. In short, higher tensions than are now used are 

, . N 1 ‘ a WARE NXT x | aT r 
question, in the existing state of the art. So it is necessary to strike 
a workable medium, using a current of as high a pressure as can be 
carried without undue leakage and of as low intensity as will jump the 
spark-plug gap and give a sufficiently hot spark. 


Why Care is Needed in High-tension Insulation. 


The extreme ease with which high-tension current will escape makes 
it essential that all conductors carrying it be of the best to begin with, 
and kept in the best condition all the time. Cheap high-tension cable 
is not worth a thought. Not only is its insulating capacity low, but it 
is readily affected by moisture and oil, either of which will greatly 
facilitate leakage. And so far as cost is concerned, the difference in 
price is so slight as to be insignificant. The covering or insulation 
must be preserved carefully. The combination of high temperature 
and oil is a hard one to resist, even for the best cable, and therefore 
all high-tension conductors should be so placed that they will be as far 
as possible from hot parts of the engine and protected from oil. Kinks 
in the cable will lead to defects in the covering, and when such a defect 
occurs leakage is simply a matter of an easily-found opportunity. 

Covering a bad place in a high-tension cable with friction tape does 
very little good, for friction tape is but a poor insulator for high-ten- 
sion current. <A contrary opinion is common, but it is wrong. 

A high-tension cable resting on any part of the engine is likely to 
cause missing, because it is sometimes easier for the current to jump 
from the wire, through the covering, to the engine than to jump across 
the gap of the plug. 

And an electric current will invariabl y choose the easiest way. This 
fact lies at the bottom of all electrical work. 


Sources of High-tension Current. 


High-tension current is obtained in two ways. The method by which 
it is obtained governs the general type of the ignition apparatus. By 
one system low-tension current from a battery is converted into high- 
ener current. By the other high-tension current. is generated di- 
rectly. 


The first system is used in cars having no magneto. The second in- 
volves a magneto. 

In the first System the common practice is to take current from the 
engine-driven generator or dynamo and store it in the storage battery 
for use as it is needed. There are variations in detail. Sometimes 
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current for ignition is always taken from the storage battery. Some- 
times current is taken from the battery at first, and from the generator 
or dynamo as soon as it acquires sufficient speed, an automatic device 
making the change in the circuits. Sometimes a set of dry cells is used 
to furnish the initial current and the generator takes up the work when 
the engine is started. Your instruction book will 
tell you what method is used in your system. 

In any ease, low-tension current is supplied by 
the storage battery, the dry battery or the generator. 
This current is passed through a transforming coil 
THE Ienrtron cor, and comes out in the form of high-tension current. 

This is used on all bat- Essentially the coil is simple. It consists of a 
tery ignition cars. ‘ . . 

coil of a few layers of comparatively heavy wire, 
the two ends of the coil being connected to the battery or generator 
leads, as the case may be. This is the primary winding. On top of 
the primary winding is another winding of a great many layers of 
very fine wire, both ends of this coil, which is called the secondary wind- 
ing, being connected to the spark plug circuit. The wire of the pri- 
mary winding is not connected with the wire of the secondary winding. 
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DIAGRAM SHOWING THE CONSTRUCTION OF A CcorIL 


There is no connection between the primary winding from the battery and the secondary or high 
tension winding, leading to the plug. The high tension current is ‘Gnduced,” hence, the name ‘induction’ 
coil, often applied to this electrical device. 
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But it is property of electricity that a current passing through a wire 
will cause a ‘‘secondary’’ current to be generated or ‘‘induced’’ in an- 
other wire running parallel with the first, and the intensity of the 
secondary current is governed by the relative lengths and sizes of 
the windings. 

A low-tension current passing through a short length of heavy wire 
will generate or induce a high-tension current if the secondary winding 
is of a great length of fine wire. This is the condition that obtains in 
the ordinary transformer coil. The reverse also is true; a high-ten- 
sion current is ‘stepped down”’ by reversing the arrangement, but this 
is not a point that comes up in this connection. 


Timer and Distributer. 


It is not necessary that current should be kept constantly flowing 
through the primary coil. In fact, if it were there would be such a 
drain on the battery that it would soon be exhausted. So the current 
is allowed to flow only at the instant the spark is required. 

The low-tension current is sent into the coil by the timer or inter- 
rupter or contact-maker, as it is variously called. Incidentally, this 
device is very often called the commutator. 

The high-tension current from the secondary winding is led to the 

: distributer, the sole pur- 

ale pose of which is to con- 

: duct the current, when 

ai produced in the coil, to the 
spark plugs in the proper 
order. The distributer 
has a rotating arm, or its 
equivalent, which carries 
the current, and the arm 
passes successively over ¢ 

AN BGS EEN DER TIMER a DISTR iS ran series of conductors each 

The two circuit breakers or contact points of the timer—one ; ; ) 

jeslcey etna Ce aioe ths een tae ee Chemin eaeearinieg cea 

one of the cables leading 
to the spark plugs. The distributer is so set that the arm 1s in position 
to deliver current to a spark plug each time the timer closes the circuit 
and causes current to flow through the coil. 

The distributer has nothing to do with the timing. This is all done 
by the timer. The business of the distributer is to be in such a posi- 
tion that it can convey the current to a plug when the current is sent 
through by the timer. 

As the high-tension current ean Jump a small gap almost as easily as 
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it flows through an unbroken conductor, it is usual to make the dis- 
tributer arm pass very close to the spark plug conductors without quite 
touching them. ‘This eliminates the wear that would follow actual 
contact. 

The timer and distributer work at precisely the same speed and must 
be synchronized. Therefore it is usual to combine them in one instru- 
ment, the same shaft carrying the timing device and the distributer 
arm. All that is necessary is to see that there is effective insulation 
between the conductors of the two sections. 


Spark Advance and Retard. 


If you touch a match to a candle it will take fire, burn dimly at first 
and gradually grow to a full flame. The same thing is true of the gas 
in the cylinder. When ignited by the spark, the gas takes fire immed- 
iately, but the full blast of combustion comes a little later. In other 
words, a little time elapses between the jumping of the spark and the 
attainment of the full pressure of the charge. 

It is this delay or lag in combustion that makes necessary the advance 
and retard of the spark. 

The best results are obtained when the charge reaches its highest 
pressure just as the piston has passed over the highest point in its 
stroke. If combustion was absolutely instantaneous there would be 
no need for timing the spark. It would be set to occur always at the 
top of the stroke. But with the engine running at its normal working 
speed ignition at top dead centre would mean that the piston would 
have time to travel through part of its downward stroke before the 
‘Cexplosion’’ had time to get up full strength. As a result, the maxi- 
mum thrust would not be delivered at the most advantageous point in 
the stroke, and the charge would be allowed to escape through the 
exhaust valve while it still contained a good deal of energy that should 
have gone into pushing the piston. 

So when the engine is speeded up the spark is advanced. That is, 
it is made to occur just a little before the piston reaches the top of its 
stroke, so that it is at its maximum strength just as the piston is start- 
ing to descend, delivers its thrust in the most efficient way and is as 
nearly as possible ‘‘used up’’ by the time the exhaust valve opens. 

The faster the engine runs the more the spark has to be advaneed. 
The reason is simple enough. The time required for a charge of a 
given ‘‘richness’’ to attain full pressure after ignition is practically 
fixed and unvarying. It always takes just about the same length of 
time, no matter how fast or how slow the engine runs. So if ignition 
occurs at the correct point with the engine running at, say, 1,000 revolu- 
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tions per minute, it will be too much retarded—that 18, it will se too 
late in the stroke—when the engine is run up to 2,000 revolutions per 
minute, for the piston will be moving at double the original speed and 
will travel through twice the distance while the charge is getting up 
pressure, and the maximum thrust will be given while the piston is, so 
to speak, running away from the pressure. . 

On: the other hand, if ignition occurs too early—if the spark is too 
much advanced—the charge reaches full pressure before the piston fin- 
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WHAT HAPPENS WHEN THE SPARK IS CHANGED 


The greatest pressure should occur just as the piston starts to descend. The combustion of the 
charge occupies a certain amount of time regardless of the engine speed and consequently the timer must 
be set so that the spark may occur in advance of the top in order to secure the most pressure at the 
beginning of the downward stroke, 


ishes its upward stroke, and maximum pressure is exerted at a time 
when it tends to push the piston backwards. If the advance is exces- 
sive it will stop the engine by preventing the pistons from getting all 
the way up. The sudden pressure in the wrong direction, met by the 
effort of the engine in insisting upon turning in the right direction, gives 
rise to the well-known knock that follows too early a spark. 

The principle of timing the ignition is well-illustrated by the shoot- 
ing of a duck on the wing. You do not fire at the duck at the instant 
he is in line with your sights. You fire before he reaches that point 
so that there will be a time for your charge of shot to reach the point 
where you know the duck ig going to be. The faster the duck is flying 
the more you ‘‘advance your ignition’? because you know that it will 
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take just so long for the shot to travel the distance, and if the bird takes 
a shorter time to go through a given distance you must shoot a greater 
distance ahead of him. 

So with ignition. The whole object is to hit the piston a full blow 
at a certain point in its 
travel, and the charge must 
be fired earlier or later, ac- 
eording to the time it will 
take the piston to reach 
that point. 


Why Retarded Ignition 

Causes Heating. 

Ht is a familiar fact that 
if the time of ignition is too 
late the engine will have a 
tendency to get too hot. 

The heat of the burning’ 
charge is at its greatest in- 
tensity at the instant when 
the pressure also is at 
maximum. If this high 
temperature is reached 
after the piston has de- 
scended part way on its 
stroke there will be a con- 
siderable area of the cylin- foal Pence ae pega ea oe fee care 

x engine. The fly-ball governor principle is employed. 

der walls exposed, and so a 

great deal of heat will be transferred through the cylinder walls to 
the water in the jackets, which will thus become abnormally hot. With 
a normally early spark maximum temperature is reached when there 
is very little cylinder wall area exposed to the heat. The temperature 
drops rapidly after reaching its peak and the cooling system is well 
able to carry off the heat. By the time the exhaust valve opens the 
charge is no longer burning. With a very late spark, however, the 
charge may be still burning when it is released, and this is exceedingly 
hard on the exhaust valves, increasing the tendency to warp and pit. 

Driving on a late spark, therefore, means loss of power, waste of 
fuel, overheating and exhaust valve deterioration, all in proportion to 
the error in the timing. 





AUTOMATIC IGNITION TIMER 
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How to Control Ignition Time. 

With the foregoing in mind it is not difficult to understand that driv- 
ing ‘fon the spark’’—that is, controlling the speed of the engine by 
changing the time of ignition—is wrong. The speed should always be 
regulated by the throttle, and the ignition shifted until its time agrees 
with the engine speed. The proper timing is just short of the point 
where the engine begins to knock. 

Driving on the spark is not good for the engine because advancing 
the spark without first opening the throttle causes knocking, and this 
is hard on all the bearings, subjecting them to sudden pressures that 
cause undue wear. Wrong handling of the ignition will cause an en- 
gine to wear more rapidly than it should. 


How the Timer Works. 

To illustrate the way in which a timer varies the time of ignition, 
suppose you have a metal wheel with four spokes turning slowly with 
a bit of flat spring or 
something fixed in a sta- 
tionary position so that 
the spokes will strike it 
and make a click every 
time they pass. Also 
suppose you have a sim- 
ple switch, made of two 
flat pieces of metal, at- 
tached to the ends of the 
two wires leading to an 
electric bell or an electric 
light, which you ean hold 
so that the spokes of your 
wheel will bring the ter- 
{OW TO ILLUSTRATE THE REASON FOR SPARK ADVANCE Minals together and ring 
ino electrics! contact has been nade and bites, Meine —ae* the bell or light the light 

each time a spoke passes. 

Suppose the click represents the instant when the piston passes dead 
center at the top of its stroke, and you will have what will represent the 
running of a four-cylinder engine. And suppose that every time the 
bell rings or the light lights a charge of gas is ignited. 

As the wheel turns, hold the switch so that the bell rings at the same 
instant the click comes. That gives you the spark just at the dead 
center. But if you move the switch around a little opnosite to the di- 
rection of rotation of the wheel your beil will ring a little before the 
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click comes. That is advancing the spark. Move your switch around 
the other way—with the rotation of the wheel—and the bell will ring 
after the dead center click. That is retarding the spark. | 

Moving the timer against the direction of rotation of the timer shaft 
advances ignition. Moving the timer in the same direction as the rota- 
tion of the shaft retards ignition. 





An Interesting Experiment. 


Tf you actually rigged up such a demonstrating model—and it could 
be easily done—using an electric light, the principle of lag or delay in 
combustion could be very clearly shown, especially by using an old- 
stvle carbon-filament lamp. The lamp does not attain full brightness 
the instant the current is turned on, but requires an appreciable time 
to burn up. 

With your wheel running slowly, hold the switch so that contact will 
be made at ‘‘dead center.’’ The lamp will have time to burn up 
brightly before the wheel passes its clicking point. But, with the 
switch still in the same position, speed up the wheel, and it will be found 
that by the time the lamp has become fully bright the dead center will 
have been passed and the wheel will be well on its way. So to make 
the lamp burn at full intensity at the instant the click occurs you will 
have to move the switch around against the direction of rotation, and 
the faster the wheel runs the more you will have to move it. 

Consider the lamp as the burning charge of gas and the instant of 
contact of your switch as the instant at which the spark occurs in the 
engine, and you will have actual conditions very closely paralleled. 

The action of the distributer is so simple as not to require any such 
demonstration: All there is to it is to see that the arm is ina position 
to let the high-tension current pass to one of the spark-plug conductors 
every time the timer turns the current on. During the time the current 
is shut off by the timer the distributer arm is moving along to the next 
plug conductor. 


Timer Construction. 


Timers vary greatly in constructional details, but all are alike in 
that one part can be swung part way around a circle so as to vary the 
timing, just as you swung around your little switch. Usually there is 
a swinging arm, the end of which makes contact with contact-pieces in 
the shell, the shell or body being the part that can be moved by the 
spark lever. The contact pieces are connected with outside connec- 
tions to which the wires leading to the spark plugs are attached. As 
the shell is moved in changing the time, the wires have to move with 
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it, and so a certain amount of flexibility and play is necessary. This 
makes it important that the connections at the timer should be care- 
fully made, so that the wires will not work loose. 

To minimize wear the timer arm usually has a roller or a ball, in 
either case of hardened:steel, at its end, and this is pressed against the 
contact pieces by a spring. Sometimes the contacts themselves con- 
sist of steel balls. 

Instead of a swinging arm, many timers use a cam with as many 
lobes as there are cylinders to fire, the principle being much the same 
as that of the magneto breaker. 

The single-spark timer or unisparker is so made as to be exceed- 
ingly economical of current, and 
it has the further advantage that 
it cannot stop with the contacts 
together, the result of which 
would be to permit the current to 
flow until the battery was ex- 
hausted. The rotating shaft has 
as many notches as there are 
cylinders to fire. A little trigger 
has a head which engages in these 
notches as they come around. 
The trigger is drawn forward by 

If the current is allowed to pass through the igni. & Notch, against the pull of a light 
nalted “in tis awitth en Barak eeon ay te spring, and then released, As 
causes the contact to be broken whenever the current the trigger flies back under the 
is left on beyond a certain limit. = 

pull of the spring it strikes an- 
other member which closes the contact points for a very brief period. 
The contact is so brief and the action is so rapid that it is impossible 
for the eye to follow it, and when the timer is working, all the movement 
that can be seen is that of the trigger. The working parts are made of 
extremely hard steel and are subject to so little wear that it is negligible. 
The springs are very carefully calibrated and it is of the utmost im- 
portance that they be left precisely in their original condition, Never 
try to adjust or change anything in this timer except the contact points 
which are provided with an adjustment of the usual type. Keep fala 
timer clean—but look out for those springs. The distributer is built 
as a unit with the timer and requires no attention except to see that it 
is clean, the contacts are well made and that the little brush in the center 
is making good contact. : 

The vital thing in a timer is to keep it perfectly clean. 
low-tension current only, and it does not take much of an ace 
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of dirt to interfere seriously with the passage of the current and affect 


prevented from flowing and 
there will be no spark at the 
plug. If there is enough 
foreign matter so that the 
current is merely delayed in 
getting through there may be 
irregular firing and inaccu- 
rate timing at low speed and 
more or less regular missing 
at higher speed because 
there is not time for the cur- 
rent to penetrate. So keep 
the timer perfectly clean. 
As for lubrication, require- 
ments will differ according 
to the construction, and the 
instruction book must be 


consulted and heeded. 
F be eZ THE “OPEN CIRCUIT’ SYSTEM OF IGNITION 
There 1s nothing to wear 1n The time of contact is practically instantaneous so that the 


Hiceedtstrivuter pandanothing ny, src: esi capecially pooner on came: of nq older types 
to set out ol order, except °% 

the brush generally used to carry the current in. This is subject to 
very slight wear. Keep the distributer clean and see that the brush 
makes proper contact and it will give no trouble. Asa 
> matter of fact it is one of the least troublesome things 


on the whole ear. 


CONTACT j NOTCHEC 
SCREW SHAFT 





CONTACT 
SPRING LIFTER 


SPRING 





High-tension Magneto Principles. 


The high-tension magneto is a complete ignition sys- 
tem in itself. It includes all the essentials of the parts 
that have been described. It has means for generating 
eat eee Ow peuelon: current, 1Or transforming it to high-tension 

THE MAGNETO eyrrent, a timer and a distributer. The timer part, how- 
Sree eae ce ever, is called the interrupter or breaker because it 
pox sae gant Works in the opposite way from the timer described in 
requiring attention that it interrupts the low-tension current at the same 
males: point that the timer makes contact and turns the current 
on. The effect is precisely the same—that is, a spark is produced at the 


instant of interruption, just as it is in the other system at the instant of 
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making contact. The electrical principles involved are rather complex, 
and have little bearing on the ordinary care of the magneto. 

Remember, however, that the spark 1s produced at the exact instant 
that the contacts separate and the low-tension current ts interrupted. 
The time when the contacts come together again has nothing to do with 
the tuming of the spark. 


Interrupter Construction. 

The interrupter is enclosed in a little housing at one end of the 
magneto, and a cover is provided that is readily removed, for this is the 
part that requires the most care and the most frequent inspection. 
However complex the interrupter may appear, it really is simple, and 
its complexity will vanish if it is studied a little while moving very 
slowly. 

The interrupter is mounted on the magneto shaft and turns as part 
of the shaft. Essentially it consists of two contact points or buttons, 
usually of platinum, connected with the primary or low-tension winding. 
One of the points is stationary on its block while the other is pivoted so 
that it can be moved away from the stationary point. There is a 
projecting part, acting as a little lever, which may be an extension of 
the block or arm carrying the movable point or may be a separate lever 
acting on the member carrying the point, and as the interrupter 
rotates bodily this lever comes in contact with projections or cams 
formed on or attached to the inside of the housing. The effect of 
this is to move the lever and separate the points, which come together 
again as soon as the cam has been passed over. The number of cams 
depends upon the number of cylinders to be given ignition. A magneto 
for a four-cylinder car will have two, and so on. 

The timing is varied on precisely the same principle as in the 
ordinary timer. The shell or housing carrying the cams is movable 
precisely as is the shell of the timer, and the effect is exactly the same. 


Keeping the Interrupter in Order. 


Keeping the interrupter working as it should involves three prin- 
cipal things— 

Perfect cleanness of all the parts. 

Accurate adjustment of the distance between the contact points. 

Proper condition of the contacting faces of the platinum points. 

Excessive oil can be removed by squirting a little gasoline into the 
interrupter with an oil-can. Let the gasoline dry away before running 
the magneto. 

Don’t dig around in the interrupter with a rag or waste. If vou 
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want to remove something that will not loosen up with the application 
of gasoline, use a little bit of rag on a wire or a toothpick. 

Oil on the contact points is an almost sure cause of missing fire. 
So when following directions for lubricating, it is best to be stingy 
with oil and perhaps apply it a little oftener, rather than be generous 
and slop it over places where it has no business to be. 

The distanee between the points when fully separated is so im- 
portant that the magneto makers usually furnish a little gauge to 
make the setting accurate. This is merely a slip of steel of the proper 
thickness. The gauge should be used whenever there is any doubt on 
the subject. 

Never set the points by guess. You can’t guess accurately enough. 
Use the gauge. 


The Importance of the Contact Points. 


The contact points are little buttons of platinum perhaps an eighth 
of an inch in diameter. One of the points is mounted on the end of 
a screw by means of which it may be moved toward or away from the 


THIN WASHERS LOCK NUT 





SPLIT AND 
a PINCHING SCREW’ 


METHODS OF HOLDING THE CONTACT POINTS IN PLACE 
The adjustment between the contact points must be very accurate. Sometimes a hundredth of an 
inch will make a difference between perfect operation and annoying misfiring. 


other point. The adjustable member is sometimes the moving and 
sometimes the stationary point. A glance at your magneto will show 
this. As it is of course vitally important that the point should remain 
in adjustment, the screw is provided with some locking means. There 
may be a lock-nut, or the screw May pass through a split block with a 
pinching-serew to draw down the split and clamp the screw, or there 
may be a number of very thin washers under the head of the serew, 
the removal of which, one at a time, will allow the screw to be turned 
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in further and advance the point. The screw, in this case, must always 
be tightened up hard against the washers. 


Keeping the Contact Points in Order. 


In time the platinum contact points become blackened and pitted from 
the action of the current. To do their work properly the points must 
be not only clean, but in contact all over their faces. Partial contact 
makes it harder for the current to pass from one point to the other and 
also greatly hastens the blackening and pitting and the wearing down 
of the platinum. 

When the platinum points are no longer flat and clean they should 
be smoothed with a very fine file. The best tool for the purpose is a 
small flat jeweler’s file, which can be obtained at almost any store where 
magneto supplies are carried. If the points require only a very little 
dressing the work can be done by the careful use of very fine sandpaper. 
Do not do this with the points in place in the breaker box, for par- 
ticles of grit from the sandpaper are almost sure to get into the work- 
ing parts and make trouble. Do not use emery cloth or paper. Hmery 
is a conductor of electricity and has a habit of sticking rather tena- 
ciously in places where it is not wanted. 

After long service the points will wear away and require renewal. 
This is simply a matter of buying new points, screwing them into 
place, and setting them with the gauge. It involves only a little care 
and is not difficult to do. 


Keeping the Interrupter In Place. 


The interrupter as a whole is held in place on the magneto shaft 
by a screw at the center which is threaded into the shaft. See that 
this screw is always tight. If it becomes loose the timing will loge 
its accuracy and the firing will become erratic. 


How to Care for Brushes. 


Where current is carried from a stationary part to a revolving part 
brushes are used. Brushes are made of copper, copper gauze, carbon 
or graphite. In some eases a brush is simply a steel, brass or copper 
spring held against the center of a revolving part by its own light 
pressure. In other cases the bush is a separate member with a spring 

. . . . . . 5 
holding it against the rim of a rotating ring or ‘‘collector.’’ The 
construction and location of brushes vary in different magnetos. See 
your instruction book, ; 

A type of brush that is much used consists of a short rod of brags 

. . . as 4 
copper or carbon, or a little block of carbon, setting in a recess in which 
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it is an easy sliding fit and pressed outward by a light coiled spring in 
the bottom of the hole. These brushes are sometimes so located that 
when other parts are removed the spring will shoot the brush out and 
it may be lost. Look out for this. Do not remove such brushes from 
their places if it can be 
avoided. The springs are 
rather delicate and often 
are so fitted that they can- 
not be removed without 
stretching them and so al- 
tering the tension. 

Brushes require to be ab- 
solutely clean and free from 
oil, and to be pressed into 
contact lghtly but firmly. 
A brush in good condition 
will produce a_ smooth, 
glossy surface of a dark 
color on the metal against 
which it works. Do not ‘alle TYPES OF MAGNETO BRUSHES 

: Proper spring tension on these is important. They seldom 
tempt to brighten up such require attention except frequent smoothing down or possible 
a surface under the impres- “"°"*" 
sion that it is dirty. A good working surface will give long service 
without attention and should be left undisturbed. Oil will quickly 
ruin it. 








ROTATING PART 





How to Locate Magneto Trouble. 


Tgnition trouble does not by any means mean magneto trouble. 
Usually it is safe to suspect the magneto last. If, therefore, ignition 
is faulty make sure first that the magneto is not functioning properly 
before attempting to do anything to it. 

This is not difficult, as outside of the magneto there is nothing but 
the wiring and the plugs. 

If ignition is irregular, or has ceased in one cylinder only, the trouble 
is not likely to be in the magneto, but rather in the plugs or the wiring 
leading the current to them from the magneto. The method of find- 
ing and correcting spark plug and wiring troubles is covered later in 
this chapter. 

It is well to bear in mind, however, the fact that missing is not always 
due to the ignition system or any part of it. Leaky valves, worn 
stems which allow air to pass through, insufficient clearance between 
the end of the valve-stem and the lifter, poor carburetor adjustment, 
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leaking gaskets—all these things may cause missing in one or more 

cylinders though the ignition system may be working perfectly. Oc- 

casionally the design of a manifold is faulty, so that one or more 
cylinders may not be as well served with gas as others, and in such 

a case the missing is hard to remedy and sometimes can only be stopped 

by feeding a mixture that is too rich for the best running. This is a 

trouble that is not likely to occur, and is mentioned only as a pos- 

sibility in cases where no other kind of trouble can be found to account 

for faulty ignition. 

If the ignition fails suddenly and completely the most likely cause 

of trouble is in the ground wire or its connections. The ground wire 

is usually connected to a nut on the housing 

BREAKER of the interrupter and runs to the switch 

ye which shuts off the ignition. Remove the 

ground wire from its connection on the hous- 

ing and see if the magneto functions properly 
without it. 

GROUND WIRE 0. To stop the engine by shutting off the igni- 
tion, in case the magneto runs properly with 
the ground wire removed, it will be necessary 

nae to replace the ground wire. 

Cte ERE ACTON SES NE If the removal of the ground wire stops the 
The only way that the ignition , : i Ps 
Se eee eat ee eS trouble, look for poor insulation, permitting 
to the “ground” so that it is not the current to pass to some other wire, or for 

ee ene ete Shentebrocentor dirty switch contacts. 

Examine the distributer and see if it is clean, that it is free of oil 
and that the brush or brushes are in good order and the contacts clean. 

Brushes may be worn down, broken or improperly put in. Worn 

brushes, however, are not likely to cause sudden failure; they usually 

give warning by gradually increasing misfiring, 


The Safety Gap. 


Kvery magneto has a safety gap, the location of which is pointed 
out in the instruction book. This consists of a pair of points so 
connected up and at such a distance apart that the eurrent will not 
Jump them when the magneto is working under normal conditions. 
If, however, there is a break in the circuit so that there is no other 
escape for the current, it forces itself across the safety gap and go 
prevents the winding from being burned out by the high tensien, or 
pressure. It is really the electrical equivalent of a safety-valve. The 
spark jumping the safety gap can readily be seen, and it makes a sharp 
crack that is unmistakable, 
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If current is jumping at the safety gap it indicates that there is a 
break in the cireuit. There may be a broken spark-plug wire, or a 
wire disconnected from a plug, or the spark plug points may be burned 
away or so far apart that the current cannot jump across, or there may 
be a spark-plug wire disconnected at the distributer end. 

In some magnetos the moving arm or lever in the interrupter is 
of fibre, and there may also be a fibre roller. In a new magneto the 
arm may be a little tight on its pivot, so that it works sluggishly in- 
stead of freely and with snap. The remedy is to very slightly enlarge 
the pivot hole. This must be done with great care, for only a very 
small amount of enlarging is needed. Squint through the hole to see 
if there is a little ridge at one end or the other that may cause binding. 
If so, its removal will probably be sufficient, without other enlargement 
of the hole. In very damp weather, or in case water has eot into the 
breaker box, the fibre may be swelled and produce the same effect. A 
thorough drying out will probably remedy the trouble without enlarging 
the hole, and normal wear will be sufficient to prevent sticking after 
the magneto has been in service for a while. 

Do not put any oil on fibre parts. They do not need lubrication, and 
oil will swell them. 

If, after making these tests carefully, the trouble cannot be located, 
eive the job to the repairman or to the magneto service station. 


Weakened Magnets. 


Tn time the magnets of a magneto become weakened, though it may 
be years before it will become noticeable, in the case of a good magneto. 
The result will be occasional missing at first, and this will increase as 
the ear is used, being especially noticeable at low and moderate speeds. 
Sudden failure is not due to weakened magnets. The magneto service 
station, or a repairman who has the apparatus, can recharge the mag- 
nets so that they will be as good as ever. If recharging is necessary it 
is a good idea to have the whole magneto examined and put in good 
shape at the same time. 

Never let an inexperienced or incompetent repairman fool with your 
magneto. It is an easy matter for an ignorant hand to make a great 
deal of trouble. Magneto work, outside the simple testing and adjust- 
ing described, calls for training, experience and skill. 


Low-tension Magnetos. 

Low-tension magnetos are not used to anything like the extent of high- 
tension magnetos. The low-tension magneto is simply a magneto that 
generates only low-tension current, having within itself no means of 
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raising that current to high tension. Therefore a separate coil is used, 
just as with a battery system or a system in which the current is 
furnished by the hghting generator. 

The low-tension magneto has an interrupter of the same general type 
as the high-tension magneto, and its care will involve precisely the 
same points. In some eases the distributer is built into the magneto, 
as in the high-tension instrument, and sometimes it is not. In any ease, 
the same principles of operation and eare apply throughout. 


Care of Coils. 

As has already been explained, coils are used wherever the original 
current is a low-tension current and must be ‘‘stepped up”’ to the high 
tension necessary for the jumping of the spark plug gap. There are 
two general types of coils: one, which is now comparatively seldom 
used, having a vibrator or buzzer and the other having none. 

Apart from the care and adjustment of the vibrator, where one is 
used, there is little to do in taking care of a coil except to see that 
all contacts are clean and firmly screwed down, that there are no stray 
strands of wire that can make short circuits and that the coil is kept 
dry, clean and as cool as possible. Dirty or loose connections are the 
only troubles that ordinarily oceur. 

With coils, as with all other electrical apparatus, it is absolutely 
essential to have the various wires connected to the right terminals. 
A single wrong connection will prevent the working of the whole 
system. So, if it is necessary to disconnect any wires, be positive that 
you can put them back in the right way before taking them off. 

If you are not sure you can get the wires back to their proper ter- 
minals after they have been removed, do not experiment. The result 
may be a burned out or damaged coil. Do not imagine that if an 
ignition system using a coil does not work properly you ean better 
it by using a higher voltage than that specified by the maker of the 
coil. Coils are made to give their best results at carefully determined 
voltages and an increase in the pressure may burn out the winding or, 
in the case of a vibrator coil, damage or even fuse the contact points. 


Vibrator Principles. 


The vibrator of a coil works on exactly the same principle as the com- 
mon electric bell and its purpose is to make and break the circuit 
hundreds of times a second; every time the circuit is made and broken 
a spark is produced, so that there is a rapid succession of sparks at the 
plug when the timer turns the current on. 

A flat steel spring is fixed at one end and free to vibrate at the other: 
the free end carries a button of iron which is set so that it is directly 
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over the extended core of the coil. When current passes through the 
coil the button is attracted to the core and when the cireuit is broken 
and the magnetic pull ceases the spring pulls the button away from the 
core. 

The vibrator spring itself is the means of making and breaking the 
circuit. On the back of the 
spring is a contact point of plati- 
num or other suitable metal and aosystine screw CONTACT POINTS 
this, when the spring is at rest, ) 
touches a similar contact point 
mounted on the end of an adjust- 
ing screw. When the points are 
touching the current flows 


VIBRATOR SPRING 











through the coil and when the RATCHET LOCK 

points are separated the current THE VIBRATOR TYPE OF COIL 

1a] ap 9 a < When the coil is magnetized by the current, the 
18 interrupted and does not flow contact points are separated. This breaks the cur- 
through the eoil. rent and the spring returns again to the contact 


point. This serves to re-excite or magnetize the coil, 


When the timer makes contact nd the operation is repeated thousands of times per 
the current flows through the coil ia 
by way of the vibrator and instantly the spring is pulled down by the 
magnetic attraction. Pulling down the spring, however, immediately 
breaks the circuit, the spring flies back, the contact points come to- 
gether again, the current instantly flows and the spring is again drawn 
down, and so on, the alternate attraction and release of the vibrator 
taking place so rapidly as to make the familiar buzzing sound. The 
adjusting screw is provided to adjust the distance between the soft iron 
button and the end of the coil core and to take up wear of the contact 
points. 


Adjustment and Care of the Vibrator. 


The adjustment of the vibrator is all-important in that it not only 
determines the quality of the spark, but also the consumption of cur- 
rent. If the adjustment is very loose—that is, if the screw is screwed 
out too far—the iron button will be so far from the core that it will 
be out of reach of the magnetic attraction, and there will be no buzz 
and the ignition system will not operate. As the screw is turned down 
the button comes within the influence of the pull and the vibrator be- 
gins to work sluggishly, with a slow, rattling sound. Turning the but- 
ton down still further speeds up the vibration, and the vibrator sings a 
higher, steadier note. If the screw is still turned down the point will 
be reached where there is not room for the points to separate, and 
vibration will cease. In this case, however, current will continue to flow 
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and will be simply a waste and a drain on the battery if the timer 
should be on a contact. 

The more the adjusting screw is turned down and the faster the 
vibrator works the better the spark will be, within certain limits. At 
the same time, however, the current consumption will increase. So the 
best adjustment is that which gives the best spark with the least cur- 
rent consumption. 

To adjust the vibrator, turn the engine until the timer is making a 
contact, making sure that the ignition switch is turned on. This will 
start the vibrator going. Loosen the adjusting screw until the vibrator 
stops buzzing. Then turn the screw the other way, tightening the ad- 
justment, until the vibrator buzzes steadily. Start the engine. If it 
skips or misses, tighten up the adjusting screw until the missing ceases 
and the engine runs steadily at all speeds. Then lock the adjusting 
screw and leave it alone. 

If it is desired to adjust the vibrator for the greatest spark effi- 
ciency, regardless of current consumption, the screw must be turned 
down a little further. The easiest way is to turn down the screw and 
note the effect while the engine is running. Up to a certain point the 
engine will continue to pick up speed as the screw is tightened. After 
the best running adjustment is found further screwing down only wastes 
more current. 

Too tight an adjustment will cause the vibrator to stop working 
should the battery weaken or the supply of current in any way be 
reduced. 

If there is a separate coil for each cylinder adjust one at a time. By 
holding down three of the vibrators or loosening the screws so there 
will be no buzz—in the case of a four-cylinder engine—the engine will 
run on one cylinder, that connected with the vibrator left free. Thus 
each vibrator can be adjusted separately. 

The firimg of any one cylinder can be tested in this way at any time 
and any missing due to the vibrator corrected readily. 

SANDPAPER With the vibrators adjusted as described there 

will be the least possible consumption of current. 

Should the battery become weak, however, it will be 

necessary to tighten the adjustment, for there will 

CLEANING THE con. Ot be sufficient strength to move the vibrator at full 

oe ae speed and the engine will miss until the vibrator is 

Paper oF a foweles' file readjusted. If, after having tightened the adjust- 

ment for a weak battery a new set of cells is installed 

or a storage battery recharged, the adjustment should be slackened to 
its original position to keep down the drain on the cells, 
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The contact points of the vibrator must be kept in good condition in 
precisely the same way as the contact points of the magneto. That 
is, they must be kept per- | 
fectly clean and the sur- 
faces must make good, full = 
eontact all over. The 
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dressing of blackened or \ 2 3 4 e 
pitted points is done with HOW THE POINTS WEAR 

* ’ No. 1 shows a pr rly-dressed surface; N 2, a surface 

5 ae Ane : No 10 a properly-dressed surface; o. 2, a surfa 
a jeweler 5 file. As there in which the current has travelled in only one direction; No. 3, 
ers raAran oF oe a surface which, when the vibrator is turned, will cause only 
are NO W orking p al t Ss one small point of contact; No. 4, a surface which has not been 
liable to damage, however, eo dressed; No. 5, a surface touching only at the extreme 


it is safe to use very fine 
sandpaper for cleaning if filing is not needed. 

Tungsten alloys are frequently used for contact points, and some of 
these alloys are so hard that they 
eannot be filed. They can _ be 
dressed, however, on an oil-stone. 

To keep the point in the proper 

. aittsamsa A.vianaton fone, position on the stone while rub 
hee! A tcial pikeed’ andor the epting fo give bol: Dino it down, place a, cslip-of wood 
Se or metal under the end of the 
spring opposite the point, taking care to have the slp of precisely the 
same thickness as the point. 
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‘Object of the Condenser. 


The condenser is an important part of every coil and its business is 
to prevent flashing at the vibrator contact points. Without the con- 
denser there would be a spark or ‘‘are’’ which would play between the 
points each time they separated, and this would quickly burn away the 
metal. Further, the condenser adds materially to the efficiency of 
the coil, causing the spark to be bigger and hotter. 

The use of too much current may break down the condenser, and 
oceasionally—not often—the condenser fails from some defect. Fail- 
ure of the condenser is indicated by sparking at the points, which 
blacken up very rapidly. If the engine misses, while the points blacken 
up soon after cleaning and there is excessive sparking at the vibrator 
contacts, when the proper current is supplied, it is reasonable to be- 
lieve that the condenser has given out. The coil maker will have to 
put in a new one. The condenser is generally enclosed with the coil 
and sealed in and it is an expert’s job to do anything with it. Oc- 
casionally, however, the condenser is placed outside, near the timer, 
entirely separate from the coil. 
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Grounding. 

Grounding and ground wires are frequently referred to in con- 
nection with the electrical apparatus of a car, and the real meaning of 
the terms should be understood. 

Electricity, in order to do work of any kind, must flow from its source, 
through the apparatus in which it does work—whether a coil, spark- 
plug or whatever it may be—and back to its source, forming a complete 
circuit. Any break in the circuit that the current cannot pass brings 
everything on that circuit to a stop. 

Tt is necessary that the conductor, or the series of conductors, 
through which the current is led to its work, should be completely i- 
sulated from the return part of the circut. 

In the ignition circuits the current is led out from its source through 
wires, but instead of going back to its source by way of wires it goes 
through the metal of the engine and frame of the chassis. This is a 
‘‘orounded cireuit,’’? As long as the outward conductors are in all 
cases insulated from the inward conductors—metal parts of the chas- 
sis—the effect is precisely the same as if the current went back through 
another wire. 

The low-tension current from the battery to the timer can be re- 
turned to the battery through the same ‘‘ground’’ that carries the 
high-tension current back to the coil. The two currents do not inter- 
fere in the least. The reason is simple, if the idea of the necessity for 
a complete and unbroken circuit is kept in mind. There is no connection 
between the sources of the two currents—high and low-tension—and 
if the low-tension current found its way into the high-tension wind- 
ing of the coil, to suppose an impossibility, it would find itself in a place 
that had no connection whatever with the bat- 
tery. A current of electricity always takes the 
easiest and most direct path, avoiding ‘‘blind 
alleys’? through which it could make no further 
progress. So the grounded currents return 
Engine perforce each to their sources, and as long as 
A GROUNDED sparK PLUG the outgoing conductor is insulated, so that the 
easiest path, ey? ees? current cannot pass from it to the eround—the 
ie egine a men: metal of the car betorest anaes been ledmtonite 
ag ne ‘he gap in the spark proper place and has done its work, there will be 

no trouble. 

Remember, however, that electricity, as if it disliked work, always 
is on the lookout for short cuts which will take it back to its source 
before it has done anything. If, for instance, a wire leading the cur- 
rent out from the battery chafes against the frame until the insulation 
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is worn through and the bare wire touches the frame—ground—the 
current will immediately skip through the opening and go back to the 
battery through the frame, leaving out all the To Work 
wires and everything else beyond the chafed . 
place. This makes what is commonly referred 
to as a ground, or a short-circuit through ground. 
A plain ‘‘short-cireuit’’ is where two conduc- 
tors, one leading from and the other back to the 
source of current, come together in such a way 
as to make connection, as when two wires, both 7, sounce 
with the insulation gone, come together. The 9 of Current 
effect is precisely the same as that of a ground. "0 eee tee ae 


The current will pass from 
one worn wire to the other 
Prin 1 \ through the metal clip, instead 

c ple of the Spark Plug. of travelling on through to the 
lights or the horn. 





No matter how a spark plug is constructed— 
and there are innumerable variations in details—it is always the same 
in principle and in its essential arrangement. There is an outer shell or 
body threaded to screw into the eylinder, and inside 
this a core of insulating material through the center 
of which runs a metal rod. The top of the rod, pro- 
jecting above the insulating core, carries the terminal 
to which the high-tension cable is attached and the 
lower end, projecting into the combustion chamber, 
has a point or electrode of some heat-resisting metal 
—sometimes platinum, but more often a less expen- 
sive metal or alloy. 

The gap between the sparking points varies to some 
extent according to the type of ignition system used. 
An ignition system in which a coil is used requires a 
somewhat wider gap than a high-tension magneto 
system. The maximum distance for-a coil system is 
about 1-16 inch, and with a high-tension magneto 
the distance is from 1-64th to 1-82 inch. 

The spark plug is an excellent example of the 





A, TYPIOAL SPARK 
PLUS grounding principle. The shell is grounded to the 


A wire is attached A “ . ° : : 
at the top. which con. engine—in contact with it—through its screwed-in 


nects with the center 


pin or the electrode, part. The high-tension current is led to the plug 


This is insulated from 


fe icon og nethe high-tension wiring, and the central rod 
secured in the engine may be considered simply a continuation of this wir- 
of he scuar ent, ing and the core a continuation of the insulation on 
the wire. So the current is carried straight to the end of the central 


electrode, as it cannot pass through the insulating core any more than 
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it can through the insulation of the wire. It is true that there is a 
break in the insulation in the bare metal of the clip at the end of the 
wire and the terminal at the top of the central rod of the plug; but 
these are separated from all other parts by such a wide space of air that 
there is no danger of leakage. So the easiest way for the current to 
eo is across the narrow gap between the central and the shell electrodes. 
As soon as the current has jumped the gap it starts its return trip to the 
coil or the magneto, as the case may be, ¢raveling through the plug body 
to the engine, through the engine and whatever other parts may inter- 
vene to the point where the ground wire from the source of high-tension 
current is connected and thence to its source. That completes the cir- 
cuit. 


Causes of Spark Plug Trouble. 


Anything that will prevent the current from making a clean jump 
from one electrode to the other will give rise to defective spark plug 
action. 

In the first place, the current must be forced to follow the rod down 
to the point or electrode in the combustion chamber. It will do this 
if it cannot find its way through the insulating core and so get to ground 
prematurely through the plug body. But if there is a crack in the 
insulation the current will leak through, which is the reason a cracked 
porcelain core makes a plug useless. In the case of a plug with a mica 
core oil may work in between the layers of mica and provide a path 
which the current will readily follow across to the shell. 

Bear in mind that a good ignition system will send a spark jumping 
across a gap of perhaps three-quarters of an inch in the open air. In 
the high compression of the charge at the time of ignition the jumping 
capacity is very much less; in other words, it is much harder for the 
current to pass a gap through compressed air than through air that 
is not compressed. That is one reason why the points are placed so 
close together. Because of the high resistance at the sparking points, 
the current will easily jump a much larger gap from the central 
electrode to the plug body through a erack in the insulation or across an 
oily path. 

The high resistance at the points accounts for the fact that the cur- 
rent will follow a path of soot or carbon leading across a comparatively 
long stretch of the lower end of the core rather than leap the narrow 
gap. A very thin coating of carbon will not cause this kind of a short- 
circuit because the particles are not close enough together to form a 
sufficiently easy bridge. But a thick layer of carbon will do the trick. 
Oil on the plugs burns and leaves a deposit that will cause a ‘‘short,”’ 
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so that the engine with a tendeney to work too much oil into the com- 
bustion chamber is likely to misfire unless the plugs are frequently re- 
moved and cleaned. Also, too rich a mixture will leave a sooty deposit 
with the same effect. 


Adjustment of Points. 


The distance between the electrodes or sparking points is important 
beeause if the gap is too small the spark will not generate enough heat 
in its passage to properly ignite the mixture. The effect 
may be to start combustion so feebly that maximum pres- 
sure of the burning charge will not be reached, or to fail 
to ignite altogether. If the mixture is not exactly right 
and the points are too close together there will probably 
be no ignition. 

On the other hand, if the points are too far apart the 
current may not be able to jump across. In this case 
there is much greater liability to short-cireuiting through 
a thin coating of carbon, or through a slight defect in the 
insulating core. If the current can just gather strength 
enough to make the jump it will generate so much heat 
that the points will be burned, which will widen the gap 





EXTENDED 
SPARK GAP 


The space be- 
tween the elec- 
trodes should be 


and soon stop the spark altogether. Raiesieds un (by 
: ‘ b di the 
Just here it may be well to revert to the function of nan Be Se 


into the shell. 


the safety gap in the magneto, described earlier in this 

chapter. If the current cannot jump the plug points and cannot leak 
through the core or across a sooty path at the lower end 
of the plug, the safety gap will come into operation, indi- 
cating that the current cannot find a path back to its 
source in any other way. 

Sparking at the safety gap, therefore, means that there 
is a break in the circuit somewhere between the magneto 
and the grounded shell of the plug. So when the safety 
gap crackles, look first to see that there are no loose 
connections or breaks in the cables. If the wire comes off 
a spark plug, for instance, the safety gap will get into 


ncrropes action. If all is right in the wiring the plug is at fault. 


ELECTRODES 


The only ad- 
justment that 
can be obtained 
is by bending 
the central elec: 
trode slightly. 


See that the points are set properly and look for defec- 
tive insulation if the plug still refuses to function. 

With these things in mind the reason for care in setting 
the points becomes clear. The time-honored gauge for 


the gap for coil ignition is a dime that has had its faces worn down 
to a blur, and for magneto ignition an ordinary visiting card. 
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Where a spark plug maker specifies a certain width of gap as being 
most advantageous, it is not difficult, as a rule, to get a slip of metal 
of the thickness given and use it as a gauge. Ordinarily the old dime 
or the card will answer very well. 

In bending a point to alter the adjustment be careful not to mar 
the smooth surface of the wire and not to break it off. Do not try 
to bend the central rod unless it is the only electrode that can be bent, 
as is the case with some plugs having a rigid extension from the body 
for the shell electrode. Bending the rod may erack the porcelain. 


Spark Plug Tests. 


Before suspecting a spark plug make sure that the current is reach- 
ing it. While the engine is running take a screw-driver or any other 
tool with a wood handle—he care- 
ful about the handle, for if you 
touch the bare metal of the tool 
you will get a bad jolt—and touch 
the shank to the metal top of the 
central electrode, where the wire 
is clipped on, and bring the point 
close to the cylinder head or any 
other convenient part of the en- 

TEST FOR IGNITION CURRENT gine. If the current is getting as 

The screw-driver furnishes an easy path for the . . a 
current. This serves to cut-out this particular cylin. far as the plug it will jump from 
der, and if the engine runs appreciably slower, it is . ° 
certain that the spark plug operated properly under the point of the screw-driver to 
Se eee ne: the engine, leaping a gap of from 
three-eighths to three-quarters of an inch. If you get no spark in this 
way you know the current does not reach the plug and it is in order 
to trace back and see if the wires are intact and properly connected. 

If you do get a spark, you will know that the trouble is in the plug. 
Take it out and examine it for defects. (See heading ‘‘Spark Plug 
Troubles”? earlier in this chapter.) If you can find nothing wrong put 
in another plug. The original plug may have a hidden crack in the 
insulation, or the insulation may be porous, as is sometimes the case. 

If there is missing in one eylinder, find out which eylinder it is. 
Short-cireuit one plug at a time, as described, with a screw-driver. The 
cutting out in this way of the power of one cylinder that is working 
properly will make the engine run perceptibly slower. When you come 
to the missing cylinder, however, it will make no differerice in the speed 
if the missing is regular, or only a little difference if the cylinder was 
firing only part of the time. 


By listening to the engine it can readily be detected if more than 
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one cylinder is missing, for if one missing cylinder is short-circuited | 
there will be breaks in the running of the rest that the ear will at once 
recognize. 

Instead of using a serew-driver to find out if current is reaching a 
plug, the wire can be removed from the plug and the brass terminal 
held near the engine while running. If the current is coming there 
will be a spark. You ought to 
get a spark at least three- 
eighths of an inch long. 

There is one condition under 
which the screwdriver test will 


fail to tell the truth. If the TESTING A PLUG FOR LEAKAGE 
a . Aas The current cannot penetrate glass or hard rubber. 
sparking points have become Small leaks in the insulation can be seen or heard if the 
progress of the current is thus interfered with. 





jammed together, making a 
dead short circuit, the current will flow straight through them without 
causing any spark. Applying the screwdriver, however, will show no 
spark, and it will look as though no current were reaching the plug. For 
this reason, among others, an inspection of the plug is a wise move. 

To test a plug for internal leakage through the insulation of the 
core, take it out, attach the wire, put a piece of glass, fibre or hard 
rubber between the points and with the engine running bring the body 
of the plug within about an eighth of an inch of the engine. If a 
spark jumps across to the engine it indicates a defective core because, 
with the path from point to point blocked, there is absolutely no way 
the current could get through without penetrating the core. 


A Roadside Repair. 


When a plug goes wrong on the road it is sometimes necessary to 
make a temporary repair, if possible, or at least such a repair may 
enable the engine to work properly until a new plug can be obtained. 
A broken porcelain, if the break is not too sharp an angle, will give 
temporary service if a thin rubber washer is inserted between the two 
broken parts and the nut tightened down. This, however, will not 
last long, for the heat will deteriorate the rubber. Sometimes a crack 
‘in the projecting upper part of the porcelain can be covered with a 
wrapping of tape so that it will prevent leakage for a while. 

In many plugs the insulating core projects into a cup-like recess in 
the firing end. If such a plug refuses to spark and internal leakage 
is suspected, test it to see if the leakage is in the projecting part of the 
core by laying the plug on the engine, with the engine running and the 
wire attached, in such a position that you can look into the recess. This 
is best done in the dark, or by holding something over the plug to 
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exelude light as much as possible. If the leakage is in the projecting 
core the sparks can be seen. 

Clean spark plugs with gasoline and an old stiff toothbrush. Most 
plugs are easily taken apart if a thorough cleaning is needed, but or- 
dinarily this is not necessary. Watch, however, that carbon is not 
allowed to build up in the parts that cannot be reached. 


Carbon. 

Carbon on the plug body or the shell electrode will not have any 
effect so far as leakage is concerned. It should be removed, however, 
beeause if it gets thick it may cause preignition by becoming red-hot 
and earrying its heat over and igniting the next charge prematurely. 
This is especially likely to happen if the carbon is lumpy or builds up 
on projecting parts. As a matter of fact, this is true of carbon in any 
part of the combustion chamber. 

If a plug is so badly carbonized that the deposit cannot be removed 
with gasoline and a toothbrush it can often be loosened by taking the 
plug apart and soaking the parts overnight in kerosene, finishing the 
job with the toothbrush and removing all traces of kerosene carefully. 
If this fails acetone will usually dissolve the carbon; but acetone is 
not always handy, ‘and the usual recourse is seraping. This must be 
done with care to avoid destroying the glaze on the porcelain, if the 
core is of this material. Instead of scraping, a piece of fine sandpaper 
can be used to take off all but the last of the carbon. The final film will 
usually yield to vigorous rubbing with a rag and gasoline, or, if not, use 
a piece of fine sandpaper that is so nearly worn out that there is almost 
no seratch left in it. Always make sure that the points of the elect- 
rodes which are directly in the path of the current are perfectly clean 
and bright. They are cleaned in a second by passing a piece of sand- 
paper between them. 

Always bear in mind that where sandpaper is used for cleaning 
spark plugs or contact points it must be fine sandpaper. No. 0 or 
No. 00 is good for the purpose. 


Using the Proper Plugs. 


It makes a good deal of difference in the running of the engine and in 
the service given by plugs whether the right or the wrong plugs are 
used, and this is recognized by the makers of plugs, who usually specify 
which of their numerous models are best adapted to certain engines. 
There are so many really good plugs on the market, and so many 
models of each, that there is little or no difficulty in getting suitable 
plugs at any time and almost any place. The makers of engines also 
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are wide awake to this matter, and often specify the plugs that they 
have found to give the best results in their severe tests. You will not 
go astray if you stick to the recommendations of the engine maker or 
of a good plug maker. 


How to Pick a Plug. 


If you do not know just what plug to use or cannot get just what you 
know is right, get one that, when screwed in, will come about flush with 
the inside of the com- 
bustion chamber, or that 
projects inside the cham- 
ber shghtly. If a plug 
is so placed that its 
points are back in a hole 
in the eylinder head it 
will always be pocketed 
with burned gas, and this 
may interfere with igni- 





: if : SHLEOD THE RIGHT TYPE Of PLUG 
tion. n some engines - The one at the left projects too far into the cylinder and the 


s Pe ils piston or valves may bend the electrodes; the one in the center 
this point makes more is too short and will fire only in a pocket of bad gas which re- 


difference than in others duces the efficiency of the combustion ; the one at the right is of 
? the proper length and type for the engine as shown. 

but always it is better to 

avoid the pocketing. 

On the other hand, take particular care that the plug does not 
project too far into the combustion chamber. The cooler the plug can 
be kept the better, and the further it projects the harder it will be 
to cool and the hotter it will get in service, even to the point of causing 
pre-ignition and burning away the electrodes. Further, in some 
engines there is so little clearance above the piston, or above the valves, 
according to the location of the plug, that one or the other may strike 
the plug and put it out of business immediately. <A plug that projects 
much is more liable to trouble from oil than one that is flush. 


Plugs Must Be Compression-tight. 


It is important that there should be no leakage of compression around 
the threads of the plug body. The fact that a plug may screw in hard 
does not by any means ensure that it will not leak. As a matter of 
fact, in most cases the threads alone cannot be depended upon to pre- 
vent leakage. The plug should screw right down to the shoulder, and 
come down tightly on the little copper gasket. There is an exception 
to this in plugs with tapered thread screwing into a tapered hole. The 
taper usually will make the plug sufficiently tight. 
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It is a good idea to put a little oil mixed with eraphite on the threads 
of a plug before screwing it in, being careful, however, not to get the 
mixture on the insulation and to keep it out of the cylinder, for graphite 
is a good conductor of electricity and its sloppy use may cause short- 
circuiting. The lubrication will prevent the plug from sticking if it 
is not removed for a long time. 

It is not necessary to screw in a plug very hard, if it is properly 
fitted. In fact, if it is serewed in too hard while the engine is cold 
the expansion of the metal of the engine and of the plug itself when 
the engine heats up may make it very difficult to remove the plug with- 
out allowing the engine to cool. This is because the plug itself ex- 
pands with the heat while the expansion of the iron of the cylinder con- 
tracts the hole and clamps the threads hard and fast. 


WHAT YOU SHOULD KNOW AFTER READING CHAPTER VI 


Why little things are important in ignition. 

Why adjustment should always be made in the right direction. 

Why a knowledge of principles is more important than a knowledge of details. 

What determines the strength of ignition currents. 

Why high-tension insulation needs special care. 

How high-tension current is produced. 

How a coil works. 

How a timer works. 

How a distributor works. 

Why the spark must be advanced and retarded. 

How to determine the proper ignition time. 

Why retarded ignition causes heating. 

How ignition time affects power. 

How to handle the ignition in driving. 

How to illustrate the working of the timer and its effect on the running of the 
engine. 

How the timer is constructed. 

How to keep the timer in good condition. 

What the high-tension magneto is and how it works. 

What the interrupter is, and how it works. 

How to keep the interrupter in good condition. 

How to set the interrupter points. 

How to keep the points in good order. 

How to restore burned or pitted points to good condition. 

How to keep the interrupter in place. 

How brushes are made and used. 

How to take care of brushes. 

How to locate and cure magneto trouble. 


What to do if ignition fails suddenly. 
109 
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What to do if ignition fails gradually. 

What the safety gap is, and what it indicates. 
What a low-tension magneto is. 

How to eare for a low-tension magneto. 

[Tow to take care of a coil. 

What care is required in making connections. 
What a vibrator coil is. 

What the vibrator is for. 

Tow the vibrator works. 

How to adjust and care for the vibrator. 

How to adjust for spark efficiency. 

How to adjust for current economy. 

How to cure misfiring in a vibrator coil ignition system. 
How to dress very hard contact points. 

What the condenser is and what it does. 

How to recognize condenser trouble. 

What a grounded cireuit is. 

What the habits of an electric current are. 
What a short-circuit is. 

What the principles of the spark plug are. 
How the spark plug is grounded. 

Why spark plugs give trouble, 

Tow to test for spark plug troubles. 

How to adjust spark plug points. 

How to detect which eylinder is missing fire, 
How to test a plug for internal short-cireuiting, 
ITow to temporarily repair broken plugs. 

Now to clean spark plugs. 

How to pick out the right plug for your engine, 
How plugs are made compression-tight. 


How to keep plugs from sticking, 


CHAPTER VII 
CARBURETORS 


What the Carburetor Does. 


The carburetor takes in gasoline and air, sprays the gasoline into the 
finest possible particles, mixes it thoroughly with the air and so forms 
a mixture which, normally, is of such proportion that it ignites readily 
and burns cleanly, leaving no residue. 

The carburetor must, of course, handle larger or smaller quantities 
of air and gasoline, according to the varying speed of the engine. It 
is therefore provided with means of adjustment. There are two kinds 
of adjustment, one set by hand and the other automatic, taking care of 
itself while the engine runs. The hand adjustment is to set the car- 
buretor right in the first place, so that there will be a proper proportion 
between the flow of gasoline and air, The automatic adjustment 
maintains this proportion throughout changing engine needs and is 
designed to give the engine as nearly as possible the best mixture re- 
gardless of speed changes. 

For its operation the carburetor depends solely upon the suction of 
the engine. When the piston of a cylinder goes down on the intake 
stroke it ‘‘draws’’ through the carburetor for the simple reason that 
there is no other inlet open to the cylinder. The faster the piston 
moves the more air it must draw in in a given time and the greater the 
suction effort. | 

This matter of suction, to use the popular term, is at the bottom of 
carburetor action. It is readily illustrated. 


Carburetor Action. 


Take a glass full of water, hold your lips to it partly closed, and 
draw in air. You will have to pull hard, and the air rushing in will 
draw some of the water with it. Open your lips a little wider and you 
will get more air and less water. Open them wide and you will get 
nothing but air. Your lips correspond with the air passage of the car- 
buretor and the glass of water with the gasoline spray nozzle or jet. 
When the engine sucks in air, precisely as you do, the air is carried 
past a little open-ended pipe in which gasoline stands almost level with 
the opening. The current of air draws the gasoline from the nozzle 


precisely as you drew water from the glass, and sprays it in the same 
11 
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way, only it is broken up into a much finer spray. If the air opening 
in the carburetor is made small, as when you almost closed your lips, 
the gasoline is drawn out rapidly with the swiftly-moving air current. 
If the air opening is made larger a smaller quantity of gasoline is taken 
up. Obviously, if the carburetor air opening is too large, then, there 
will be too much air and not enough gasoline, while if it is too small 
there will be too much gasoline in proportion to the volume of air. 


Hand Adjustment. 


The hand adjustment of the carburetor may act on the air or on the 
gasoline or on both. That is, there may be a valve to regulate the fiow 
of air, or a valve to regulate the flow of gasoline, or both. As a matter 
of fact, there is practically in all carburetors a ‘‘needle-valve’’ to 
regulate the flow of gasoline. Some carburetors have no air adjustment 
and some have both kinds. 


The Venturi Tube. 


A very large proportion of the almost innumerable forms of car- 
buretors use what is called a Venturi tube for the air passage. This 
is a tube that is constricted, or made smaller in 
diameter, near the point where the gasoline is drawn 
out of the spray jet. Its advantage is that it gives 
a sufficiently rapid flow of air to draw out enough 
gasoline without making the passage too small— 
which would tend to ‘‘choke’’ the engine and make 
it work harder to get sufficient air and, consequently, 
reduce the power. The spray jet projects into the 
center of the tube, and its position with reference 
to the constricted part is of the highest importanee. 
Another advantage of the Venturi—which is named 
for its originator—is that it gives more nearly the 
same mixture at varying engine speeds than a plain 
tube, or one of the same diameter throughout its 
entire length. 





THE VENTURI . A 
The decrease in size of Float Feed Principle. 
the tube increases the 


speed of the air at the Tf gasoline were piped direct to the spray nozzle 


roint where it passes 


the gasoline nozzle, thus from the tank there would be a continuous flow from 


increasing the suction, 


the nozzle and control would be impossible. More- 
over, it is necessary that the gasoline should stand at a constant level 
in the nozzle—a small fraction of an inch below the opening. The 
float-feed system provides for this. 
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The gasoline from the feed-pipe leading from the tank runs into 
a chamber called the float chamber through a small valve. In the 
chamber is a float of cork or hollow metal. The float is connected with 
the little valve in such a way that when the float is resting on the bottom 
of the float chamber—as it 
would if emptied of gaso- 
line—the valve is held wide 
open. Turn on the gaso- 
line, and it flows freely 
through the open valve into 
the float chamber. As it 
flows in, it raises the float, 
and as the float rises it 
gradually closes the valve. ELEMENTARY CARBURETOR 
When the gasoline reaches tine over wt ‘the top of the jet. Air’ passing by the nomlo 
a predetermined level the %, Msi, ‘ths sugine, tales with it a Sno aprey of geso 
valve closes tight, stopping ™* 
the flow. Ifa little gasoline is taken from the float chamber the float 
falls a little, opens the valve a little and again gasoline flows until the 
level is reached, when the valve again closes. 

A second gasoline passage connects the float chamber with the jet. 
Tt is one of the familiar laws of physics that any liquid in separate 
chambers will rise to precisely the same level in both if there is a con- 
necting passage through which the liquid can flow. Therefore the 
gasoline in the jet rises to exactly the same height as the easoline in the 
float chamber. When gasoline is drawn from the jet, as is the case 
when the engine runs, it lowers the level of the gasoline there and the 
float promptly opens the valve and lets in enough to restore the level. 
Thus the constant level is maintained. 

In actual, operation the gasoline flows constantly out of the jet and 
constantly through the float-valve, the float being so adjusted as to 
permit this. As soon as the engine stops and the flow from the jet 
ceases the float closes the valve and prevents the gasoline from running 
through to waste. 

If anything happens to prevent the float-valve from closing at the 
proper time, gasoline continues to flow and drips out of the carburetor. 
That is ‘‘flooding.’’? The same thing happens if the float is so set that 
it does not close the valve before the gasoline reaches the top of the 
jet. The level in the float chamber will be higher than the top of the 
jet and the gasoline, trying to reach the same level as in the chamber 


continuously flows out. 
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Auxiliary Air Valves. 

If the carburetor is so adjusted that the current of air will draw just 
enough gasoline to run the engine properly at low speed, the increased 
Aan suction at higher speed will draw 
from the jet an excess of gaso- 
line, forming too rich a mixture. 
This trouble is overcome, in many 
carburetors, by the use of an 
auxiliary or extra air valve which 
opens more and more as the speed 
and suction increase. The larger 
air passage reduces the suction 
on the jet and also the quantity 
of gasoline drawn from it. 

Go back to the experiment with 

THE AUXILIARY AIR VALVE the glass of water. While draw- 
feof increase than the oir; consequently, at hign ing air and water through your 


rate of increase than the air; consequently, at high 
Gpme maeng of reducing the eueoline few oz increan “DORty Closed. ligau le einen an 
apes the. sie Bow: through your nose. At once the 
amount of water drawn in decreases. Your nose is an auxiliary air 
valve. It works on precisely the same principle as the conventional 
extra air valve in a carburetor. 

But the auxiliary air valve is automatic in operation. It is normally 





held closed by a spring and re- 
mains closed while the engine 
runs at slow speed. At higher 
speed, however, the suction opens 
it.against its spring, and the 
higher the speed and the greater 
the suction, the wider it opens. 
Usually an adjustment is pro- 
vided, acting on the spring. The 
more the spring is compressed 
the higher must be the engine 
speed before the valve can open ~ 
and the less it will open when it AUXILIARY AIR VALVE CONNECTING | WITH 
Starts and the less extra air will tne tevers actuate pa nae al 

ate a small needle so that the gaso- 
be drawn in and this, in turn, line flow is proportionate to the increased air flow. 
means more gasoline. The whole effect of the extra air valve is to 
check the tendeney of the nozzle to increase the richness of the mixture 
as the speed increases. 





In some carburetors a series of auxiliary air openings is used, each 
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closed by a steel or bronze ball. The balls are raised from their seats 
as the suction increases and allow extra air to pass. The principle 
is precisely the same as that of the spring-loaded valve, however, for 
the weight of the balls simply takes the place of the pressure of the 
spring and the action is the same. 

Like everything else about a carburetor, various makers have various 
ways of designing their air valves. But the principle understood, the 
operation of any valve is readily grasped. The 
same is true of the float-valve mechanism. 


What a Needle-valve Is. 


A valve to regulate the rate at which gasoline Packing Nut 
flows from the float chamber to the jet is placed = a TyPIcAL NEEDLE 
at some point in the passage between the two Niaats: 

= p : passage t Fa ? This forms a tight seat, is 
and this is always called a needle-valve. This is ssly around and offers va 
simply a screw with a long, tapering point which 
can be screwed into a seat of the same shape. This type of valve is 
used because it allows more delicate and close adjustment than any 
other practical form, and it is exceedingly simple and not likely to 
give trouble. 





Automatic Regulation of Both Gasoline and Air. 


Both air and gasoline are antomatically controlled in many car- 
buretors by connecting the auxiliary air valve with a needle-valve. In 
such a carburetor the gasoline and air openings are so proportioned 
that there will be a proper mixture at low speed or idling, when the 
automatic device is inoperative. At the higher speeds the air opening 
increases faster than the gasoline opening, and so maintains as nearly 
as possible a constantly correct proportion. 

The greatest difficulty in designing carburetors and making them 
operate properly is due to the fact that if means are not taken to avoid 
it the percentage of gasoline to air will constantly increase as the speed 
and suction increase. This is precisely opposite to what is needed, for 
a fast-running engine requires a mixture a little leaner, if anything, 
than at slow speed. 

Automatic extra air valves and automatic gasoline-regulating valves 
are designed to overcome this difficulty. In many cases excellent results 
are obtained. 


Two-jet Principle. 


The problem has been attacked in an entirely different way in the 
ease of another carburetor. The outstanding feature of this is that 
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it has a compound jet, or two jets combined in one. One of the jets is 
of the ordinary type, in which the flow of gasoline increases with an 
increase of speed and tends to enrich the mixture excessively. The 
other jet, however, is of a special type, and it works in precisely the 
opposite way. That is, it delivers the same quantity of easoline at all 
times, regardless of speed, so that 
the faster the engine runs the 
poorer the mixture would be if this 
nozzle were the only one. By us- 
ing these two opposites a constant 
mixture is obtained, one nozzle 
supplying extra gasoline as the 
flow from the other falls off, and 
vice versa. Needless to say the 
proportions are carefully worked 














aes out. 

THE COMPOUND NOZZLE m Re . 

The inside jet gives out too rich a mixture at The principle of the constant- 
high engine speeds. The outside jet, which is ans 3 
connected with the air, gives too lean a mixture at flow nozzle, which tends to give 
high engine speeds. The combination of the two 4 poorer mixture as the speed in- 
gives a correct mixture at all speeds. 4 : : . 

creases, is simple. The gasoline 
passage leading to this nozzle communicates with a little vertical well 
which is open to the air at the top and is carried high enough so that 
the gasoline will not overflow; all that is needed is to carry the well 
higher than the gasoline in the float chamber. It is this well that pre- 
vents the increase of quantity of flow as the speed increases. There are 
no air adjustments. Adjustment is made on the gasoline for low speed, 


and at all other speeds the compound nozzle takes care of the mixture. 


Duplex Carburetors. 


Engines with eight and twelve cylinders complicate the carburetor 
problem because of the cross currents caused by feeding to two blocks 
of cylinders at the same time. Two carburetors, one for each cylinder 
block, give difficulty because it is next to impossible to obtain equal and 
at the same time efficient adjustment in both. The duplex type was 
evolved, consisting of two sets of nozzles and mixing chambers combined 
in one instrument and fed by a common float-feed chamber. By using 


the same air inlet for both and mounting two throttles on a single shaft, 
uniform action is obtained. 


Throttle Valves. 


The throttle valve controls the flow of the mixture to the engine, 
after it has been formed in the carburetor. It is a simple valve of the 
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‘“butterfly’’ type—a dise pivoted in the middle. The mixing chamber 
is the space above the jet and Venturi where the gasoline and air 
mingle. Usually an adjustable stop limits the closing of the throttle 
so that it stops just at the point where the valve remains open enough 
to allow the engine to run at the low- To Manifold 

est practicable speed. This is the i 

idling speed. When the throttle is 
wide open it stands parallel with the 
flow of mixture, offering a minimum 
of resistance. 











Chokes. 

aty 5s 2 eS = = {| 
Starting a cold engine, especially pee ee eee 
in eold weather, generally ealls for Adjusting screws are used to prevent this 


from closing entirely so that sufficient mix- 


acomewhat richer mixture than starte ‘ure can. be obtained “at Bil times Yo’ keap the 
c e é . engine from stalling, 
ing a warm engine, or running once 
the engine has been started. This is largely because a good deal 
of the gasoline is condensed on the cold walls of the passages and the 
cylinders and cannot be ignited, so that to get enough fuel into the air 
an excess must be supplied. <A butterfly valve in the main air opening, 
which can be partly closed when starting, restricts 
the flow of air and increases the flow of gasoline. 
The same result is obtained by the carburetor primer, 
or ‘‘tickler,’’ which commonly is a little button 
cee ee which, when pressed down, pushes the float into the 
Reducing the air to the g . roe 
carburetor increases the gasoline in the float chamber, raising the level above 


proportion of fuel that ‘ 5 6 
reaches the mixture and the normal point and causing gasoline to run out 


makes starting easier. of the nozzle. 

The choke or an adjustment on the gasoline feed is often connected 
with an adjustment on the dash so that the carburetor can be to some 
extent regulated while running. 
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Multiple Jets. 


Instead of using one or two comparatively large jets some car- 
buretors use a series of very small jets which are opened one at a 
time by connection with the throttle or automatically by the air valve 
as speed increases and more gasoline is required. The openings are so 
small that a number of them must be opened to give sufficient fuel for 
anything but idling speed, and controlling the number of openings ac- 
curately controls the supply. 
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Carburetor Adjustment. 

The adjustment of the average carburetor is by no means difficult if 
‘tis undertaken with an understanding of what is required, and if, when 
making adjustments, it is known what should be expected. For 
instance, it would be foolish to turn an adjusting screw without knowing 





er 
A MODERN TYPE OF CARBURETOR 


The throttle in connection with the intake manifold is shown at the top 
center, the auxiliary air valve is shown at the right. The float chamber is 
the cylindrical portion at the left. The pipe at the left receives the gasoline 
supply; that at the right is connected with the cooling system to furnish 
heated water to the jacket to assist in vaporization. 


why it was being turned or the effect produced by turning it in a given 
direction. As a general guide, remember that a needle-valve screwed 
in—that is, turned in the direction of movement of the hands of a clock— 
decreases the flow of gasoline, while an auxiliary air adjusting screw 
turned in the same direction tightens the spring, decreases the supply 
of air and makes a richer mixture. 

Generally the needle-valve is used only to give a proper mixture at 
idling speed. Adjustment for higher speeds is effected through the 
auxiliary air. 

Start out with the air valve resting lightly on its seat. Be careful 
about this, for if the valve is not closed to begin with there will be diff- 
culty from the start. Only a very light spring pressure is required. 

Close the needle valve by screwing it in as far as it will go. Do not 
force it when it stops, or the valve and its seat may be cut. Closing 
the valve gives a definite starting point. Set the throttle in idling 
position. Then open the valve, say half a turn—it will vary a good 
deal in different carburetors. Start the engine, priming if necessary. 
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If the engine will not start, or fires only a few primed charges, open 
the valve a little more and try again. When the engine is running see 
that the auxiliary air valve does not lift, if it is possible to observe this 
point. 

There are two ways of knowing when the proper idling adjustment 
is obtained. One is to simply adjust the needle-valve until the engine 
runs its best with the idling throttle position. The other is to open 
the pet-cocks and note the flame that shoots out. When the mixture is 
right the flame will be a light blue and almost invisible. Too rich a 
mixture will cause a red, smoky flame and too lean a mixture a yellowish 
flame. 

Now you have the low speed adjustment. 

Open the throttle until the engine runs at abovt its normal road 
speed and adjust the auxiliary air valve, judging tuc mixture as before. 
Leave the needle-valve alone; the auxiliary air will do it. 

Back-firing through the carburetor indicates too weak a mixture. 
Serew down the auxiliary air to make it richer. 

Tn many carburetors there are no further means of adjustment. If, 
having reached this point with such a carburetor, it is found that the 
engine backfires at high speed, indicating too weak a mixture, the 
auxiliary air valve can be tightened down further or the needle-valve 
opened until the back-firing ceases. This will mean, however, that the 
mixture will be too rich at low and intermediate speeds. In such a 
case it is usually best to adjust for the intermediate, or regular running 
speed, this giving the best average results. 

In other carburetors there is a separate adjustment for high speed, 
and this is set, not by racing the engine continuously, but by opening 
the throttle just for a second and then bringing it back to intermediate 
position. The same principles apply as in setting for intermediate 
speed. 

In all cases consult the instruction book to find out how the car- 
buretor is made and how it works and what the adjustments are. 
Otherwise you will be working in the dark. 

In making carbureter adjustment see that the spark is advanced, at 
each stage, as far as it should go. After opening the throttle to the 
desired point advance the spark until the engine ceases to pick up speed. 
Further advance will cause knocking. 


Adjusting Old Carburetors. 
A carburetor that has seen much service will sometimes present 


rather puzzling problems in adjustment. 
Tt may be that the engine will insist upon running, and even running 
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with too rich a mixture, when the needle-valve is closed as far as it will 
go. This indicates that -the valve leaks and needs grinding. Grind 
it in with a mixture of powdered pumice and oil, using only a very 
small quantity and pressing very lightly. The principle is the same as 
that which governs valve grinding. If the valve cannot be made tight 
in this way take it to a repairman. 

If the carburetor floods, gasoline dripping from it when the engine 1s 
not running, see first that the float is set at the proper height. Un- 
cover the spray nozzle and it will be found that gasoline can be seen 
flowing from it. To check this the float must be lowered so as to close 
the float valve earlier. In some carburetors there is an adjustment 
for this purpose, and in others it is necessary to slightly bend the arm 
connecting the float with the valve. Do this very carefully and only 
a very little at a time until the gasoline just ceases to flow from the 
nozzle. It should stand level with the tip, or just a shade below. 

If it is impossible to stop flooding in this way the float valve leaks. 
Test this by gently raising the float until the valve is positively closed. 
If the flow continues, grind the valve in the same way the needle-valve 
was ground, with powdered pumice. If the valve is in very bad shape 
the repairman will have to reseat it or put in a new one, according to 
the construction. 

A new valve and an old seat will not fit, in ninety-nine cases out of 
a hundred, so either both must be new or they must be fitted—a re- 
pairman’s job. 

Dirt in a carburetor will spoil all your calculations. Be certain it is 
absolutely clean and that the stramers are clean 
and in good shape. Stram your gasoline wi fill- 
ing the tank. 












Fuel Feed Systems. 


There are three ways in which gasoline is ear- 
ried from the main tank to the carbureter; 
gravity, vacuum and 
pressure. 

In the gravity system, 
which is the simplest, the 


THE SIMPLEST TYPE OF FUEL FEED tank iS Dp l SS d high 
This is known as the gravity system. The tank is placed enough sO that the fuel 


above the carburetor so that the fuel flows to the 1 i di 
the necessity of pressure or Rice crn will always flow freely to 
ae the carburetor. 
n e vacuum 
system the tank may be placed anywhere, no matter 


how low. Fuel is pumped from it by a device operated by the suction 
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of the engine and delivered into a little auxiliary tank forming part 
of the device. whence it flows by gravity to the carbureter. ; 

The vacuum tank is simply a pump which draws gasoline from the 
main tank and delivers it to a little tank below the pump, in the same 
casing. The flow to the carburetor is by simple gravity. 

Briefly, the pump is actuated by the suction of the engine. The ap- 
paratus is connected with the engine in such a way—through piping and 
check valves—that a partial vacuum is formed in a chamber. Then a 
valve automatically opens and shuts off the suction connection with the 
engine and opens a valve in the line from the main gasoline tank. The 


SUCTION PIPE 


VACUUM 
TANK 











SUPPLY PIPE 


TO CARBURETOR 





THE VACUUM FEED SYSTEM 


The suction is produced by the engine and the small tank stores a sufficient amount o: fuel to 
feed the carburetor under all conditions. The system is entirely automatic in its operation and wili feed 
fuel to the carburetor even when the main tank is nearly empty and the car is climbing a steep hill. 


partial vacuum in the chamber draws easoline from the tank, delivers 
it to the little auxiliary tank and the whole cycle starts over again auto- 
matically. The faster the engine runs the faster the pump works. 

In case the vacuum tank is empty when it is desired to start the engine 
all that is necessary is to turn the engine over a few times with the 
throttle closed. This will replenish the auxiliary tank and feed the 
carburetor. 

Other feed devices are made which use the pressure of exhaust gas 
to operate a diaphragm pump, transferring fuel from the main tank 
to the auxiliary. 

In the pressure system also the tank may be placed anywhere. Air 
is pumped into the tank and the pressure forces it to an auxiliary tank 
connected directly with the carburetor. In some cases the pressure is 
obtained by allowing a little gas from the engine to go to the tank, the 
gas being cooled and strained onits way. Both hand-pumps and engine- 
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driven pumps are used to supply air pressure. A hand pump is always 
necessary, however, to supply the initial pressure to start the engine. 
Whatever the system is, the main thing is to keep it clean and all 
A trap to catch sediment and water is placed 
n the fuel line, sometimes being part of the 
carburetor itself. This has a chamber at the 
bottom through which foreign matter can be 
> bamehe drained out, and this should be opened fre- 
GASOUNE TAN quently for a second or two. 
\- | In the case of a plain gravity system there 
is always a small hole—sometimes more than 
one—in the filler cap. This is to admit air to 
replace the gasoline as it is used, and it must 
always be kept open and clear. If the ‘hole 
becomes stopped the engine will exhibit all 
the symptoms of a partly-closed needle valve 
and will slow up and finally stop. Bear this 
in mind in case of unaccountable missing and 


passages unobstructed. 


Pa 


AIR VENT —+7 











irregular running. 

Sometimes the feed pipe leading from the 
gasoline tank to the carburetor is bent into a 
loop, the idea being to give the tube elasticity 

é. and prevent breakage from vibration. If this 
Lae ee ae loop is in such a position that the gasoline has 
A ‘font actuates the’ vaweg to flow up and’ then downy, ite passinieseuas 


which control the connection with air may be trapped in the upper part of the 


the outside air and with the suc- 


ctl tie bake ie keg ica LOOD>. LOPE a cami aur locke. aya nielianwel erage 
pads fects, dinectly’ 1a the Vee the flow. his as smote likely sto, 0¢cir mayer! 

the tank is not very high above the carburetor. 
The remedy is to turn the loop to a horizontal position, so that the 
fuel will always flow downward. 

Gasoline will find its way through leaks too small for water to get 
through, and connections must therefore be carefully made. In putting 
together pipe connections the main thing is to see that before screwing 
them up they are perfectly in line, so that they do not have to be 
forced into position for coupling up. They should make tight joints 
without excessive tightening. A leak in a coupling properly put to- 
gether and moderately tight is rarely cured by applying brute force 
to the wrench. 

Do not use rubber where gasoline touches it, except for a very tem- 
porary makeshift repair or something of the sort. Rubber dissolves in 
oasoline readily. 
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In a pressure system the check-valves must be kept clean, and this 
is all the attention they are ever likely to need—if they need even 
that. Their work is very light and wear is very slow. 

The ‘‘vacuum tanks’? now so widely used are reliable affairs and 
seldom give trouble. 
Cleanliness is the main 
thing, as in the rest of the 
gasoline system, and 
means are provided for 
cleaning strainers. 

A vaeuum tank should 
not be blamed for carbu- 
retor trouble. As long as 
the carburetor is kept sup- 
plied the vacuum tank is 
doing its duty, and fur- 
ther than this it has no 
effect on the carburetor. . TEE YRESSURE PEBD Set STEM 

The air is compressed by a hand-pump for starting, and 
The tank should not be thereafter by the action of the engine. The filler cap on such 
placed where it will get Eke must be kept perfectly tight to prevent the escape of 
too hot as this may inter- 
fere with its operation, and it should be at least three or four inches 
above the carburetor. 

The air-hole in the main tank is very important where a vacuum tank 
is used, and its stoppage will prevent the working of the system. 

When trouble occurs with a vacuum tank it is more likely to be from 
dirt than anything else, for the parts are simple and rugged and not 
liable to derangement. 

They can be quite easily disturbed, however, by unskilled hands, and 
therefore the tank should be left alone, apart from following the simple 
directions given for its care in the instruction book. 





AIR PUMP 






Compressed Ain 
Over Gasoline 


Cleaning Fuel Pipes. 


Clogged fuel pipes may be cleaned by pushing a wire through and 
then pulling through a bit of rag. After that, rinse out with gasoline. 

As a matter of fact, this should never be necessary and will not be 
if the gasoline is strained and proper attention is given to the 
trap. 


Water in Gasoline. 


Water may find its way into the system even if it does not go in with 
the gasoline. Moisture in the air condenses on the inside of the tank 
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and the water at once sinks to the lowest level. The trap is always 
placed low down to take advantage of the weight of such water. This 
occurs more in winter than in summer, and if the water is not drained 
off it may freeze in the line and stop the flow of fuel. 


WHAT YOU SHOULD KNOW AFTER READING CHAPTER VII 


What the carburetor does. 

How the carburetor does it. 

How to illustrate carburetor action. 

How carburetor adjustments act. 

What a Venturi tube is. 

How the float feed works. 

What may happen in the float feed. 

How to eure float feed troubles. 

What auxiliary air valves are. 

How to adjust auxiliary air valves. 

What a needle-valve is. } 

How to adjust a needle valve. 

How to grind needle-valves and float-valves. 
How both air and gasoline are automatically regulated. 
What a two-jet carburetor is. 

How the compound jet works. 

What a duplex carburetor is. 

What the throttle is. 

What the choke is. 

How the multiple jet carburetor works. 

How to adjust a carburetor from the beginning. 
How to adjust an old carburetor. 

What causes flooding, and how to stop it. 
How to adjust the float. 

How fuel is fed to the carburetor. 

What gravity, vacuum and pressure feeds are. 
Why the air hole is important. 

How to clean fuel pipes. 


How water affects the system. 
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CHAPTER ViIt 
COOLING 


Why Cooling is Necessary. 

The engine derives its power from pressure eaused by heat, the 
heat being obtained by burning gasoline in the cylinders. Heating a 
gas always causes it to expand, and it is this expansion that drives the 
piston. 

Therefore heat is the source of this power—of all power in fact. 

But the burning gasoline produces more heat than the engine can 
convert into power, and this extra heat simply goes to heat up the parts. 
This cannot be allowed, as the heat would first destroy the lubricating 
oil and would then make the valves red hot, and expand the pistons 
and rings until they stuck fast in the cylinders. 

Cooling systems are used to carry away this excess heat and dissipate 
it, through the radiator in the case of the water-cooled engine. In an 
air-cooled engine the heat is transferred directly from radiating ribs or 
flanges on the cylinders to a current of air. 


How Engines are Air-cooled. 


There is little or no difficulty in air-cooling a small engine even with- 
out the aid of a fan and despite the fact that air is not as good a con- 
ductor of heat as water. The area of the cylinder walls in proportion 
to the cubic capacity of the cylinders is sufficient to provide a com- 
paratively easy escape for the heat. The flanges on the outside expose 
a large surface to the air and are rapidly cooled, and as heat alwavs 
flows from the hotter to the cooler part, there is a constant flow from 
the inside to the outside. The greater the difference between the tem- 
perature of the inside of the cylinder and that of the outside the faster 
the flow of heat will be. 

As the eylinder diameter increases, however, the proportion between 
capacity and cylinder wall area increases the wrong way—that is, the 
capacity increases faster than the wall area. So the bigger the cylinder 
the harder it is to air-cool it. Therefore there are plenty of small air- 
cooled engines—on motoreyeles—but very few large ones. In fact, 
there is but one conspicuously successful air-cooled car today. 


In the engine of this ear the eylinders have vertical flanges and are 
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surrounded by sheet metal jackets. In fact, the whole engine is en- 
elosed in sheet metal, excepting the cylinder heads. Through the 
jackets air is drawn at high speed by fan-blades formed on the flywheel. 
The sheet metal casing fits as closely as possivle around the flywheel, 
so that it is quite efficient in moving the air. The result is very efficient 
and satisfactory cooling and, as the fan is an integral part of the flv 
wheel, there are no extra moving parts. 














SS ee 


A SUCCESSFUL AUTOMOBILE ENGINE COOLING SYSTEM 

The: arrows show the direction of fhe air. The suction fan is embodied in the fly-wheel. The 
engine and individual cylinders are encased so that all of the air must pass down close to the radiating 
surface. 


How Engines are Water-cooled. 


In a water-cooled engine the cylinders are surrounded by an outer 
casing which usually is an integral part of the cylinder—cast in one 
piece with it or with the block of cylinders—but occasionally is a sep- 
arately applied jacket of sheet metal. The space between the cylinder 
and the casing is filled with water. Where a detachable cylinder head 
ig used the head also has a water space, and openings in the under side 
of the head register with openings in the top of the cylinder block, so 
that water flows freely from one to the other. , 


Use of the Radiator. 


The water in the jackets, however, would boil away in a very short 
time if not constantly changed, as is often the case in stationary en- 
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gines, or taken away and cooled and then returned to the cylinders, 
as in the automobile engine. 

As it is impracticable to carry a large enough quantity of water to 
give time for slow cooling, means are provided for cooling the water 
very rapidly, so that a small quantity is used over and over again. 
The radiator does the work of cooling. 

The heated water is carried away from the engine through a pipe in 
the cylinder head and goes into the top of the radiator. It cools rap- 
idly as it passes from the top to the bottom of the radiator and is re- 
turned to the lower part of the water jacketing, through another pipe, 
from the bottom of the radiator. 


How the Cooling Water is Circulated. 


It is of great importance that the water should circulate rapidly, for 
if allowed to remain too long in contact with the cylinders overheating 
would follow. The radiator must be able to cool the water sufficiently 
in the brief time the water requires to pass through. 

Two circulating methods are in common use—pump and thermo- 
syphon. In the pump system the pump, of a rotary type driven by an 
auxiliary shaft, is placed in the bot- 
tom water passage, forcing the cooled 
water into the jackets and displacing 
the heated water at the top. 












THE THERMO-SYPHON 
OR NATURAL COOL- 
ING SYSTEM 
No pump is used, the flow of water 

being obtained by the physical law 

which states that heated water will rise 
and cool water will settle. 





In the thermo-syphon system there is no pump. The pipes are plain 
and clear and are made as large as possible, and everything is done 
to permit the water to flow very freely. 

The system is based on the fact that hot water is lighter than cold 
water and has an active tendency to rise, much as oil will rise in water. 
So when the water in the jackets of a thermo-syphon cooled engine gets 
hot it rises to the top and pushes over through the upper pipe into 
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the radiator. Here it is cooled and, following the natural law, goes to 
the bottom of the radiator and thence back to the jackets. 


The Radiator Principle. 


It has been a long and difficult task to bring the radiator to its present 
excellence, for it has presented many problems. The chief trouble was 
found in making the water-containing parts strong enough to stand 
the vibration of service while having walls so thin as to offer the least 
possible resistance to the passage of heat from the water to the alr. 

Put hot water into a cup and it will stay hot for some time. Put 
the same quantity of hot water into a wide, shallow plate and it will 
cool very rapidly. This is the principle of the radiator—to spread the 
cooling. In the radiator, of course, the water cannot be exposed di- 
rectly to the air; but it is spread out in very thin passages of thin 
sheet metal which is exposed to the air. 


The Tubular Radiator. 


A simple form of radiator is made with a small tank, or ‘‘header”’ 
at the top, into which the hot water from the engine flows, another 
little tank at the bottom, from 
which the water flows back to 
the engine, and a series of 
vertical tubes connecting the 
two tanks. In many radia- 
tors for heavy service, such 
as motor truck and tractor 
service, the tubes are round. 
But though a round tube is 
strong, it offers a smaller 
cooling surface than any 
other form, and a large num- 
ber of tubes must be used to 
cool effectively. But by flat- 
tening the tubes, so that the 
water is carried in thin sheets 
the cooling surface in propor- 
tion to the quantity of water 
is enormously increased. cn 

: THE TUBULAR TYPE OF RADIATOR 

It has already been stated This is a design used largely for trucks. The vertical 
that heat always flows from ee are provided with flanges which increase the cooling 
the hotter to the cooler part. 

So the efficiency of the radiator is greatly inereased by soldering sheet 


® 
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metal fins or flanges on the tubes. Because these are so thin they coo: 
very rapidly, and the heat from the tubes readily flows to them, to be 
taken up and earried away by the current of air passing through the 
radiator. At the same time these fins brace and strengthen the tubes, 
making the radiator much more substantial, without adding greatly 
to its weight. This plan often disguises a vertical tube radiator so 
that at first glance it looks almost exactly like the cellular or honey- 
comb radiator—which will be described later. But a more careful ex- 
amination will reveal the vertical tubes. 

To increase the surface exposed to the air still further, the tubes in 
some radiators are made to zig-zag downward instead of running 
straight. Thus it is possible to get into the same height a much greater 
length of tubing. In a radiator built in this way the flat tubes are so 
formed that the angles of one tube touch the angles in the next, and at 
the contact points they are soldered together, making the radiator 
much stiffer. 

Instead of flattening out a round tube and bending it to the desired 
zig-zag it is usual to build up the tubes of strips of sheet metal soldered 
together. This practice has led to the designing of a great variety 
of forms of water spaces and air passages between them. 


The Honeycomb Radiator. 


The true honeycomb or cellular radiator is built in a different way 
altogether. Or, rather, it is built on a different principle and in a 
variety of ways. The radiator is built up of short tubes, which are 
placed horizontally, extending from the front to the back of the radia- 
tor. The tubes are enlarged at the ends, so that when they are laid 
together they touch only at the ends, being separated between. The 
ends are all soldered together, front and back, so that the result is a 
labyrinth of narrow spaces between the tubes with free communica- 
tion from top to bottom, and these spaces are filled by the cooling wa- 
ter. The enlarged ends of the tubes and the soldering front and back 
prevent the escape of water between the tube ends. The air passes 
through the interiors of the tubes. Tubes of various shapes are used 
—round, square, hexagonal and fluted. The basic principle is the same 
throughout. In all cases the water spaces open into the tanks or 
headers at top and bottom and are closed at the sides by metal cas- 
ings. 

All radiators are protected by an outer casing which covers all but 
the actual radiating surface and by means of which the radiator is held 
in place on the car. The radiating part is called the core. Between 
the core and the casing elastic pads are often introduced to enshion 
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the core and prevent rattling. In trucks the whole radiator is fre- 
quently carried on springs to protect it from vibration, 


What the ‘‘Overflow Pipe”’ is for. 


In every radiator there is a small pipe leading from the inside of 
the filler to the outside of the radiator at the bottom. This is com- 
monly called the overflow pipe. The real purpose, however, is to carry 
off steam when the radiator gets hot, and so avoid the raising of pres- 
sure which would otherwise cause the radiator to burst. The fact that 
water overflows through this pipe when the radiator is overfilled, or 
when a full radiator is shaken by road vibration, is merely incidental. 

Obviously it is exceedingly important that this pipe should be kept 
clear. <A clogged pipe would result in ‘‘getting up steam’? the first 
time the water boiled, and the pressure would either blow the obstruc- 
tion from the pipe or open the joints and cause leakage. 


The Drain-cock. 


A cock is placed at the lowest possible point in the radiator to drain 
off water when necessary: It is a good idea to open this occasionally 
and make sure that it is not clogged by sediment. If it is, it is readily 
cleaned by running a wire through it. Let the water run until the 
sediment has run off. If the cock is allowed to remain clogged it may 
‘ail to work some cold night when it is desired to drain the radiator 
to prevent freezing. 


Circulating Pumps. 


Circulating pumps in automobile service are always rotating pumps, 
as distinguished from the plunger or reciprocating pumps often used 
in marine and stationary engines. The usual pump is a centrifugal 
pump and consists essentially of a rapidly revolving wheel with vanes 
or paddles. Water is led to the center of.the wheel and is thrown 
outward by centrifugal force to the outlet at the circumference of the 
housing. The revolving wheel is made in a great variety of forms, but 
the principle is always the same. 

The gear pump is also used, and this is precisely similar to the gear 
pump used for the circulation of oil and deseribed and illustrated in 
Chapter I. The gear pump is more positive in action than the centri- 
fugal pump, though the advantage is not of great moment. 

Drive is from an auxiliary shaft, such as the magneto shaft or the 
generator shaft, and occasionally the pump is mounted so that it can 
be driven by an extension of the fan shaft. 
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How to Care for Pump-shaft Packing. 

Where the driving shaft passes through the pump casing there is a 
packing or stuffing-box just like the packing used on an ordinary water 
faucet. This packing must be kept tight enough so that water will 
not leak out around the shaft, but it should not be made any tighter 
than is necessary. Too tight a packing will wear faster than it should, 
and imposes unnecessary strain. 

There are three parts to the stuffing-box. The gland is part of the 
pump housing and forms a bearing for the shaft. The outer end is 
recessed, forming a sort of jacket space around the shaft. Into this 
annular space the packing is pressed. The third part is the follower 
or packing nut, which is a cap screwed on a thread formed on the out- 
side of the gland. Screwing down the packing nut compresses the 
packing and forces it against both the shaft and the walls of the gland, 
filling the space completely and preventing leakage. 

The packing may be one of a variety of materials, the requisite qual- 
ities being elasticity, so that the space can be filled by compressing 
the material, resistance to the action of water, and resistance to wear 
from the shaft. In all cases the packing is readily renewed. Unscrew 
the packing nut—be careful to see whether it is in a right- or a left-hand 
thread—slide it away from the gland and pick out the old packing and 
put the new in its place and screw the nut back. In the absence of 
other packing, graphited asbestos string makes a good packing and, 
in fact, is frequently used. In an emergency ordinary soft wicking 
can be used. This can be obtained in balls at almost any hardware store 
and, when well greased, makes fairly good packing. Use plenty of 
packing—not so much that the nut cannot be screwed well on the gland 
but not so little that there will be no room left for serewing up when 
the packing wears. 


Temperature Regulation. 


Obviously a radiator will cool its water faster on a cold than on a 
hot day bezause, as has been explained, the greater the difference be- 
tween adjoining hot and cold bodies, the more rapidly the heat will 
flow to the latter. Radiators are so proportioned as to be capable of 
cooling their engines adequately in the hottest weather, and it follows, 
therefore, that in cold weather they will cool too much. The tempera- 
ture at which the engine works is a matter of much importance, and 
though there is a good deal of difference of opinion among engineers 
as to just what this should be, there is a good deal of difference in the 
running of an engine that is too hot or too cold and one that is at the 
right temperature. Of course too hot an engine will impair its lubri- 
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cating oil and tend to expand the pistons and rings, while too cold an 
engine will not have its normal snap and vim, will not pick up as it 
should and will condense some of its fuel, the heavier parts of which 
will work down into the lubricating oil and dilute it. 

Automatic devices are used with marked success to keep the engine 
always at its normal temperature when running, and to shorten the 
time required for warming up in starting. The idea is to prevent the 
water from circulating through the radiator while it is cold, to allow 
full and free circulation when maximum cooling effect is required and, 
in the intermediate stages, to allow just enough water to go through the 
radiator to maintain the proper temperature. 





INTERIOR OF A THERMOSTAT 


The expansion and contraction of the bellows-like arrangement opens and closes a valve which con- 
trols the flow of cooling water and directs it either through the radiator or back through the engine. 


The Thermostat. 
The basis of the automatic temperature regulator is the thermostat. 
Tn its usual form this is a small bellows-like affair of thin metal con- 
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taining a liquid that is very sensitive to temperature changes. The 
thermostat is placed in one of the water passages, surrounded by 
water, so that it can feel instantly any change in water temperature. 
When the water is cold the thermostat contracts, and when the water 
is hot the thermostat expands due 
to the contraction and the expan- 
sion of the liquid. This move- 
ment is communicated to a valve. 
When the thermostat is cold the 
valve is closed, shutting off the 
passage of water to the radiator 
and forcing it to go through a by- 
pass. Thus the water leaves the 
engine at the bottom only to re- 
turn directly to it at the top. 
When the engine is started cold, 
therefore, the water is not al- 
lowed to cool, but is kept circulat- 
ing around the cylinders, and the 
result is that the engine warms 
up in a much shorter time than 
if it was necessary to warm up 
the whole body of water and the 
radiator at the same time. As 
the engine gets hotter the valve 
opens a little at a time, and its 
action is such that the water is 
THE RADIATOR SHUTTERS—OPEN kept at the temperature deter- 
Mhese ave similar to the Venetian blind and when “Ned py the eneime: Dulldersiad 
in this position do not interfere seriously with the flow 2 
aes most advantageous. On a very 
warm day the valve will stand 
wide open, allowing all the water to pass through the radiator. On a 
very cold day a comparatively small quantity of water will be allowed 
to go to the radiator, the rest ‘‘short-cireuiting’’ around the engine and 
keeping it sufficiently hot. 


“et 








Radiator Shutters. 


Much the same effect is produced by the use of shutters over the 
radiator—a development of the old plan of partly covering the radia- 
tor in cold weather. The shutters work like a Venetian blind and are 


operated by a thermostat or, in some cases, by hand, the driver using 
his own judgment in the matter. 
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These automatic devices are in reality very simple and very re- 
lable and rarely give trouble. Follow directions in the instruction 
book for caring for them and making adjustments; but in case any- 
thing goes wrong give the job to someone who knows the work. 

The automatic valve interferes 
with the draining of the cooling 
system, for when the engine is 
cool it closes and traps much otf 
the water. Means are therefore 
provided for opening the valve by 
hand when draining is necessary. 
Don’t forget this when draining 
the system to avoid freezing 
up. 


What to Do When the Radiator 
Leaks. 


There is not a great deal that 
the inexpert man can do when a 
radiator springs a leak. Leaks 
may occur where they cannot be 
reached without special tools 
wielded with special skill. A cel- 
lular radiator can leak only at 
the ends of the tubes, at the front 
and back of the radiator, or RADIATOR SHUTTERS—CLOSED 
around the edges of the core, and ,,.ris? 7 fh pesition no air san pase through fhe 
Mlitiersalderappled on the Tie ith. tne eee me see yenostn oh: 
spot will stop the leak. This 
kind of soldering, however, is rather ticklish because of the danger of 
melting the solder already there and so causing more leakage and mak- 
ing the trouble worse than ever. A light copper should be used, and 
it must be applied with a delicate touch. In case a tube is defective 
inside, an expert can remove it and put in a new tube. But it takes 
an expert to do it. Such a leak éan be temporarily stopped by plug- 
ging the front and back of the leaky tube with corks or wood 
plugs. 

A radiator that springs a number of small leaks is a discouraging 
thing for the amateur to tackle. It is difficult to locate the leaks ex- 
actly and still more difficult to stop them. Let the radiator man have 
a chance at it. 

Often a leaky radiator can be made to hold temporarily by putting 
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into the water a couple of fistfulls of flaxseed or even cornmeal. There 
are on the market numerous compounds designed to be put in the water 
of leaky radiators and to harden as they exude from the leaks, stopping 
them up. There is a great deal 
of difference of opinion as to 
the merits of these things. In- 
stances are on record, however, 
in which such treatment stopped 
up the leaks in radiators that 
would drip themselves empty in 
twenty-four hours, and no fur- 
ther leakage occurred after sev- 
eral months’ service. It is sug- 
gested that in using any such 
compound the stuff be obtained 
from a reputable maker and 
RADIATOR SHUTTERS, CLOSED—REAR VIEW that the directions be followed 
The shutters may be operated either by a lever with great care. The radiator 
Ena see aie ames thermostat placed: Inthe should be Washed volt eames nea 
as clean as possible and the com- 
pound well mixed with the water, and the motor should be run to 
keep the mixture stirred up. If the radiator is off, turn it over at short 
intervals to serve the same purpose. 








Radiator Hose. 


Short pieces of hose are used to 
connect the engine water pipes 
with the radiator, because metal 
pipes would not withstand the vi- 
bration. The hose is subject to 
disintegration from the action of 
the oil that usually finds its way 
into the water and from the action 
of some of the components of anti- 
freezing solutions, notably ely- 
cerin. The hose should be re- 
newed when it shows signs of get- 





; : f RADIATOR SHUTTERS, OPEN—REAR VIEW 
ting ragged on the inside, for bits Fach shutter is connected with a rod so that all 


occupy the same relative position. 


may come off and clog the pump, 
partly stop up the radiator or interfere with the action of the ther- 
mostatic water control, where this is fitted. Do not let the hose buckle 
or partly close up, as this interferes with the free flow of water. If 
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a hose will not stay in shape put into it a coiled spring that fits closely. 
This will keep it distended under all conditions. 

The clamps used to hold the hose in place are simple affairs and 
require no explanation. In putting them on, if they are of the kind 
with overlapping members which 
slide one upon the other in tight- 
ening, tap the band all round with 
the handle of a hammer or screw- 
driver when tightening up to ease 
it into place. This gives more 
certainty of an equally tight grip 
at all points in the circle. 


How to Care For Fans and Belts. 


The fan and its belt are rather 
hard-worked members. Asa rule 
the fan is mounted on such ade- 
quate bearings that it is not likely 
to give trouble. Its lubrication 
should not be neglected, however. 
If a fan-blade is bent it should 
be restored to form, for if not the 
full flow of air will be somewhat 
checked. If there is an automa- 
tic spring device to keep the belt 
tight see that it works freely and 
does not stick. Do not have the 
belt any tighter than is necessary 
to drive the fan without slipping, 
for unnecessary tension is hard 
on the bearings as well as the HELPING THE AIR TO DO ITS WORK 
belt itself. A loose belt on a fan here aren Gb een 
without other means for taking Muri ere apes abet ya) eure pone 
up slack is tightened by taking 
out a piece at the joint and relacing it in the same way as it was laced 
or fastened before. Be careful, however, about taking up a belt in 
damp weather. Damopness causes the leather—if it is a leather belt 
—to lengthen, and when the air becomes dry the belt may be altogether 
too tight. Allow a little for drying up under these conditions. 

A little good belt dressing, which is easily obtained, makes the belt 
erip without excessive tightening, and is a good thing to use. Do not 
use too much, however, and see that both belt and pulleys are clean 
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ate ee bit ee 
and free from oil when the dressing is applied. Grit and dust cause 
belts to slip and wear. 
Because of the hard conditions under which fan belts work it pays 
to use the best belts that can be had and to give them a little attention 


onee in a while. 


Remedying Cooling System Troubles. 

If overheating occurs follow the principle that has been advised 
throughout—find out positively where the trouble lies before trying 
to cure it. The cooling system may be entirely innocent. Too rich 
a mixture, too late a spark, valve trouble, a clogged muffler—all these 
may be causing the overheating, and not the cooling system. 

The first requisite of a cooling system is cleanliness. If the water 
is not clean, drain it all off and put in fresh water, draining that off 
again if necessary until the system is clean. Run the engine each 
time to flush out all parts of the system. 

Never put water into an empty cooling system while the engine is 
hot. The result would probably be a cracked cylinder or water-jacket. 

If the system seems very much fouled fill it up with a solution of sal 
soda and water. Drain this all off immediately after flushing and 
flush out again with clean water before finally filling up. The solution 
will eat into paint and varnish, so keep it off the finish of the car. 

Sometime the water used contains minerals which are deposited in 
the radiator and water jackets, or form a sediment. If the radiator 
is much encrusted there will be sluggishness in cooling and the radia- 
tor will not throw out as much heat as it should. The deposits vary 
greatly with locality and water supply, and no one solvent is good for 
all of them. A good chemist who knows the local water can tell what 
todo. In many eases a strong solution of borax is effective. 

If one part of a radiator remains cool while the rest is hot it indicates 
that there is clogging up of some sort. 

If the radiator is clean and the whole system heats up, see that the 
pump is clear. It may be partly clogged up. With the pump work- 
ing properly and the system clean there should be no trouble. 

In a cooling system with a thermostatic control it sometimes happens 
that the thermostat itself is out of order and is unable to open the 
valve to allow free circulation. If this is suspected try holding the 
valve open by the means provided for the purpose. If the system 
works properly then either the thermostat is not properly adjusted or 
it is out of order and readjustment or a new thermostat will be required. 

It is just as important to keep the outside of the radiator clean 
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as the inside. Mud and dirt in the tubes will prevent the free flow of 
air and the rapid transfer of heat. 

An effective way to flush out a radiator is to turn a stream of water 
into it with a hose. Wash out the top part first, inserting the hose in 
the water pipe, and wash the lower part last. 

If the outside of the radiator is very muddy wash it out with a hose, 
putting an old piece of oil-cloth or anything that will stop the water 
behind the radiator from reaching the engine. Take particular care 
not to get any of the electrical apparatus damp. 


WHAT YOU SHOULD KNOW AFTER READING CHAPTER VIII 


Why cooling is necessary. 

How engines are cooled by air. 

How engines are cooled by water. 

How the water is circulated. 

How a thermo-syphon system operates. 

How a pump system operates. 

How the radiator operates. 

How radiators are built. 

What the overflow pipe is for. 

How to care for the drain-cock. 

What kinds of circulating pumps are used. 

How pumps are driven. 

How pump-shafts are made water-tight. 

How to keep the packing tight. 

How to repack a stuffing-box. 

How temperature is automatically regulated. 

How the thermostat works. 

How temperature is regulated by shutters. 

What to do when the radiator leaks. 

How to repair small leaks temporarily. 

How to use radiator compounds. 

How to apply radiator hose. 

How radiator hose becomes defective. 

How to keep hose from collapsing. 

How to put on hose clamps. 

How to care for fans and belts. 

How to apply belt dressing. 

How to clean out a cooling system. 

What to do if the water leaves a deposit. 

What to do if a thermostat goes wrong. 

How to wash out a radiator. 

How to clean the outside of a radiator. 
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SECTION II. STARTING AND LIGHTING 


CHAPTER I | 
THE BATTERY 


What a Storage Battery Is. 


A storage battery is not exactly what the term indicates. That is, 
it is not merely a tank into which electricity is poured, to be drawn 
out again as gasoline is handled. The plates and the electrolyte— 
dilute sulphuric acid—in the battery undergo chemical changes when‘ 
electricity is passed through them. When connections are made for 
taking current from the battery the direction of the chemical action 
is reversed, and current is sent out. In short, the storage battery is 
altogether a chemical proposition. 

Thorough appreciation of this fact will help the user to understand 
that the storage battery must be treated as a chemical agent rather 
than a tank. 

Possibly a better idea of the function of a storage battery may be 
obtained by comparing it to a large basin of water provided with holes 
and stoppers of two or three different sizes. If the water is allowed 
to flow into this basin in a small stream, it will correspond to the nor- 
mal charging rate of a battery. If one of the small stoppers is re- 
moved, allowing the water to flow out about as fast as it flows in, we’ 
have a condition corresponding to the drain represented by the use of 
the horn and lights, in which the current consumption about equals the 
charging rate of the battery. If we remove the large drain plug, the 
water will fow out so much more rapidly than it flows in that it will 
soon be entirely empty; and this corresponds to the rapid drain due 
to the continued use of the starter. It is generally considered that 
the starter consumes from 20 to 30 times the current that is put back 
into the battery at the normal charging rate. We must keep in mind, 
however, this fundamental difference between a battery and a basiu 
of water—an empty basin can be refilled in time by the small steady 
‘“charging’’? stream of water; a battery which has been completely 
emptied by the starter, however, cannot be recharged by the small cur- 
rent received from the generator. The battery will either be worn out, 


or must be removed and recharged under special conditions. 
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The battery has been vastly improved since it became an adjunct 
to the automobile. But the improvements have been almost wholly 
in matters of detail. The result is that while the old faults of the 
battery have been pushed a considerable distance into the background, 
they still exist, for the most part, and will become evident if proper 
care is not given. There is no disguising the fact that the storage 
battery, in the hands of the average user, is the weakest link in the 


eas ‘wasters ace 5 





CUT-AWAY SECTION OF A STORAGE BATTERY 


The box holding the rubber jars is of wood. The first layer is the jar itself, then comes one of 
the plates (positive or negative as the case may be), then the separator or a layer of insulating material, 
and finally the plate the opposite of the first one. 


electrical system of the car, and it must be treated accordingly. Yet 
it is a vital thing, an essential, and its makers have done wonders in 
bringing it to its present state. 

Make up your mind that the storage battery must be given the best 
possible care tf it is to do its normal work. And remember that it is 
actually given exceedingly hard work under conditions that would have 
ruined an old-time battery in short order 


TAKE CARE OF YOUR BATTERY. 
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What the Battery Needs to Keep It In Good Order. 


A storage battery will do its best work when it is 

Charged at a rate ‘that is not too high. 

Discharged—current taken from it—at a rate that is not too high. 
Not allowed to discharge below a given point. 

Cleaned at proper intervals. 

Kept properly filled with electrolyte. 





A THREE-CELL (SIX VOLT) STORAGE BATTERY 


The plates are raised somewhat above the bottom so that the sediment may accumulate to a consid- 
erable depth before the bottoms of the plates are short-circuited and the battery rendered inoperative. 


The rate at which the battery is charged may vary considerably 
without harm; if the generator is running so slowly that it cannot 
supply sufficient energy to ‘‘buck”’ the battery current, the battery 
will not charge—just as you cannot force water into a tank if the 
tank pressure is higher than the pressure of your supply. So an 
automatic cut-out switch is provided to cut off the generator from the 
battery when the generator speed falls below the minimum point. At 
the other extreme, matters are usually taken care of automatically by 
the winding of generator or by some built-in device which prevents 
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sending too heavy a current to the battery when the car is running at 
high speed. 

Just here it is well to call attention to the fact that there is a great 
variety in starting and lighting systems, and each has its peculiar re- 
quirements. The user is referred to his instruction book and urged 
to take particular pains to acquaint himself with the points bearing 
on the eare of the battery and of the appliances for the regulation of 
battery charging. 


The Ammeter. 


The guide to the proper action of these appliances is the ammeter 
on the instrument board. This will show whether the battery is charg- 
ing or discharging and at what rate. If you know that your battery 
ought to be charging when the car is running at a given speed, but 
your meter shows that it is not charging, inspect the system and find 
the trouble. 

The ammeter does not show the current discharge when the engine 
is being started. The rate is very high, sometimes, in the case of a 
big engine, running momentarily up to 200 amperes when the starting 
switch is first closed. One hundred amperes is quite a common rate. 

Because of this high rate of discharge it is important to shorten the 
time during which the starter is used as much as possible. This can 
be done by taking care that the engine is in good condition, with car- 
buretor properly adjusted, and that everything is in order for easy 
starting. Release the starting switch the instant the engine takes hold. 


Cold Weather Starting. 


When starting the engine in cold weather throw the clutch out so 
the starting motor will not have to turn over the transmission gears. 
The cold grease in the gearbox is stiff and a very considerable amount 
of power is required to move the gears through it. This means a 
heavy additional drain on the battery. A cold engine, with the oil 
stiff, imposes a heavy pull on the battery at best. The battery is 
designed to handle this load, but it is so heavy that it should not be 
increased. Prime the cylinders with raw gasoline of good quality 
if the engine does not start after a few seconds’ use of the starter. 


What a Hot Battery Indicates. 


Charging or discharging a ‘battery at a high rate raises its tem- 
perature. Up to a certain point this does no harm. However, too 
high a temperature is apt to soften the hard rubber jars. Excessively 
rapid charging and discharging will disintegrate the plates much more 
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rapidly than norraal use, causing particles of the material with which 
the plates are filled to flake off and fall to the bottom of the jars. 

The battery should never be allowed to get hotter than about 100 
degrees. A rough but convenient method of testing temperature is 
to hold the hand against the jars. The battery should never be much 
warmer than the hand. If the battery gets hot when on charge see if 
your instruction book provides for the adjustment of the current to 
reduce the charging rate. If so, make the necessary adjustment. If 
not, have recourse to the service station. It is usual, however, to pro- 
vide an adjustment. 


Care of Electrolyte. 


The liquid in the battery—electrolyte—must always be over the tops 
of the plates. Electrolyte levels vary, according to makers’ instruc- 
tions, from just over the tops of the plates to three quarters of an inch 
above them. If the electrolyte is too low the exposed parts of the 
plates deteriorate rapidly, and as the capacity of the battery depends 
upon the plate area in active action, it can readily be seen that the 
matter is of importance. 

The electrolyte evaporates naturally, just as water does, and the 
rate is accelerated by the warming up of the battery and by the gass- 
ing when charging. This evaporation must be replaced with dis- 
tilled water or rain water. 

Do not think that anything that is water will do. Undistilled water 
contains dissolved matter that is distinctly injurious to the plates and 
its use is almost.certain to lead to deterioration, the rapidity and extent 
of which will depend upon what the water contains. Any battery 
station can supply distilled water, and it is cheap. 

Here is another important point. The acid in the water does not 
evaporate to any appreciable extent and for this reason only water 
should be used in ‘‘flushing,’’ as filling up to replace evaporation is 
called. If acid is added it will make the electrolyte too strong and 
the plates will suffer. 

If the electrolyte should be spilled or otherwise lost from the bat- 
tery and new electrolyte cannot be obtained at once, fill up with water 
and have new electrolyte put in at a service station at the earliest pos- 
sible moment. 

It is not worth while to try to mix vour own electrolyte. It is a 
messy job and if not done right the air will be filled with flying acid 
that makes nasty burns and goes straight through clothing. 
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Keeping the Battery Clean. 

Because of the extremely corrosive character of sulphuric acid the 
terminals and wires must be kept as clean as possible. There is nearly 
always a tendency for the acid to creep out. This can be checked by 
carefully cleaning the terminals and exposed ends of wires and coating 
them rath vaseline. As a matter of fact, the whole exterior of the 
battery should be kept perfectly clean because, as has been stated, the 
acid creeps and makes trouble if allowed to do so. 























THE BATTERY GRID OR PLATE 


The plates are of lead with the material forming the positive or negative element attached in the form 
of paste which hardens. When the battery becomes worn out, portions of the paste. will be seen to have 
fallen away. 


Occasionally a battery jar develops a leak. A small leak is indicated, 
if in no other way, by the fact that the leaky cell always requires more 
water when fillmg up than the other cells. Sometimes the jar can be 
repaired and sometimes it cannot. The service station will tell you. 


What Sediment Is. 


A battery that lives its normal life becomes useless when the active 
material of the plates has disintegrated and fallen to the bottoms of 
the jars, leaving but little on the plates. Jars are always made with 
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space at the bottom to hold this sediment. Some cells are made with 
sediment spaces so large that they will hold all the ‘‘mud’’ the plates 
will drop during their life. Others require more frequent cleaning 
out, and this cleaning is very necessary. If the sediment rises until 
it touches the plates there will be internal short-cireuiting, heating and 
much loss of efficiency and shortening of life. 


Indications of Battery Condition. 


The best indication of battery condition is the hydrometer test. It 
is well worth while for the user to provide himself with a hydrometer— 
and note that it should be a good one. 

When the battery is fully charged £> 
the electrolyte should test at least | 
1250. The highest reading should be 
about 1280. These figures will vary 
slightly with different makes of bat- 
teries, but are practically correct. 
Sometimes 1200 is not considered too 
low. 

If you are doubtful of the condition 
of your battery and want to test it 
accurately, use a hydrometer and a 
low-reading voltmeter. Put the bat- 
tery on charge by running the engine 
and continue the charge until the grav- 
ity ceases to rise, testing the gravity 
with the hydrometer. If there is no 
change in gravity between two read- 
ings at half-hour intervals the battery 
has all it will take. If the reading is 
low you cannot improve matters by 
continuing the charge unless the 
plates are sulphated, in which case a 
long-continued charge at a low rate 
will in some cases help matters. This, ee ee 


The hydrometer gives the specific gravity of 


however, is nota job for the average the electrolyte and forms the most accurate 


method of testing the condition of the battery. 





user. 
Testing the voltage is a check, in a way, on the hydrometer test. A 
three-cell battery fully charged will test to from 6.5 to 7.5 volts. 
Remember that an open-circuit voltage test is of no value whatever. 
The voltage must be tested while the battery is doing work, such as 
starting the engine, the voltmeter being connected in the circuit. The 
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voltage of a battery that is not giving out current will be about the 
same whether it is fully charged or nearly discharged. 
By using both voltage and hydrometer tests the condition of a bat- 





USING THE VOLTMETER 


The voltage of a ‘‘dead” battery will show nearly as high as one in 
good condition unless the battery is doing considerable work. The lights, 
horn or the starter should be used when a voltage test is taken, 


tery can be ascertained with certainty. But don’t forget that open 
circuit voltage means nothing and that a hydrometer test of a partly- 
charged battery is equally useless by itself, 


Winter Care of Storage Batteries. 


A storage battery left standing for a long period without attention 
will deteriorate a great deal. If the car is laid up for the winter 
charge the battery every two weeks by running the engine until the 
electrolyte in the cells shows 1280 on hydrometer test. If you have 
no hydrometer run the engine for two or three hours at a speed that 
would drive the car about 20 miles an hour on the road. This will en- 
sure a sufficient charge. Slow the engine if the battery heats. If it is 
impracticable to run the engine and you have no other way of charging 
the battery take it out of the car and hand it over to a battery service 
station for winter storage. If there is no battery station at hand give 
the battery to a garage where battery charging is done and arrange 
to have a charge put in every two weeks. 

Neglect of the battery during the winter is responsible for innumer- 
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able troubles. <A battery left in perfect condition in the fall will come 
out a feeble, inefficient unit and it will never fully regain its efficiency. 

A charged battery is very hard to freeze. A discharged battery 
freezes easily. 


Tgnition. 


With an ample supply of current provided for 
the starting and lighting of the car it is a simple 
matter to add the necessary ignition apparatus. 
This usually takes the form of a combined timer 
and distributor and a non-vibrator coil. Some- 
times the timer-distributor unit is mounted with 
the generator and sometimes it is separate. The 
principles are precisely the same as have already 
been described in the chapter on ignition. 

In one of the most popular starting-lghting- 
ignition systems a set of dry cells is used to fur- 
nish ignition current for starting, an automatic 
switch, however, cutting out the battery and con- : 
necting the generator into the cireuit when suffi- BUCKLED PLATES 
cient speed has been attained. The dry cells are ee es eens 
used only part of the time, so that they donot run ‘Zeno. em leneih 


are practically useless. 


downerapidiy. SWithithe dry cells an “ignition Fie) Poaocen san 
relay’’ is used. This breaks the flow of current arse or charging rate. 
immediately after contact has been made by the timer, so that the 
drain on the battery is much less than if the contacts were allowed 
their normal period. With current coming from the generator there 
is no object in rigidly economizing in ignition current, and a rapid 
series of sparks occurs, while on the dry battery circuit there is a single 
spark. The relay may need adjustment occasionally. 

Adjustment is readily made when the engine is running on the bat- 
tery by turning the adjusting head in a counter-clockwise direction 
until the engine stops firing, and then turning it five notches in the 
opposite direction. 

Never turn the head more than is absolutely necessary in either di- 
rection. This 1s important. 

Keep the contacts clean, and the timer contacts also. If the armature 
action is weak despite proper adjustment it means that the dry cells are 
weak or that there is dirt on the relay or the timer contacts. 

When a timer of ordinary construction stops with the circuit closed— 
that is, with the arm or cam making contact—there will be a continuous 
flow of current from the battery, unless some means is taken to stop 
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it, and exhaustion would soon follow. In many cases this is provided 
against by the use of a resistance coil. This consists of a coil of wire 
of a metal which offers considerable resistance to the flow of current. 

This coil is so proportioned that it does not interfere with the passage 
of the normal current. If the timer stops on contact, however, the 
heavy flow of current causes the coil to heat up, and the hotter it gets 
the more slowly current flows. 

Oceasionally this wire breaks or burns out, and in case of interruption 
of the ignition circuit it should be examined. 

An ingenious method is used in one popular ignition system for cut- 
ting off the current if the timer stops on a contact. The path of the 
current leads through a thermostat, which is simply a strip of metal 
that bends when heated. The normal flow of current does not heat the 
thermostat. But if the timer stops on a contact the abnormal flow of 
current heats the thermostat and it bends until it makes contact and 
causes current to pass through a device that is similar to an electric 
bell. The hammer vibrates, just as does the bell hammer, and strikes 
a trigger which releases the switch and turns off. This device will 
operate in from half a minute to three or four minutes after the engine 
stops. This switch is illustrated in Chapter 6, dealing with ignition. 


WHAT YOU SHOULD KNOW AFTER READING CHAPTER I, 
SECTION II 


What a storage battery is. 

Why the storage battery needs exceptional care. 

What prevents a battery from doing good work. 

How automatic battery charging is regulated. 

Why a cold engine is hard on the battery. 

Why the instruction book should be studied. 

Why engine condition is important with reference to the service of the battery. 
What causes a battery to heat, and how to know when it is too hot. 
What electrolyte is. 

How to take care of the electrolyte. 

How to prevent corrosion of battery terminals. 

How to detect battery jar leaks. 

How to test battery condition. 


How to use the hydrometer and volt-meter. 
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CHAPTER II 
THE GENERATOR AND STARTER 


Similarity of Motors and Generators. 

There is practically no difference. between an electric motor and an 
electric generator or dynamo. Feed electric current to a motor and it 
will run and deliver power. Drive the same motor by chain or gearing 
and it will generate current. This fact is taken advantage of in ‘«single- 
unit’? systems, in which 
the same machine is used 
for cranking the engine 
and, after the engine is 
started, for generating 
current for charging the 
battery. ‘‘Two-unit’’ sys- 
tems use a separate gene- 
rator and motor. Each 
plan has advantages and 
disadvantages and each is 
widely used. ~ 

Whether there be a 
separate generator and 

A MOTOR-GENERATOR SYSTEM motor, or a motor-genera- 
The motor and generator are so nearly the same that when 


the former is run under power it will generate current, or tor, as the two-purpose 
when the current is led to the latter it will develop power. 





machine is termed, the 
principal parts are alike. The rotating part is the armature, and this 
is fixed on the shaft. The armature windings are connected with the 
copper bars of the commutator, which, in turn, are connected with other 
parts of the system by means of carbon brushes, which are stationary 
and therefore have sliding contact with the commutator. The armature 
revolves between iron or steel pole-pieces, which are extensions of the 
cores upon which the ‘‘field-magnet’’ windings are placed. The arma- 
ture is just as close to the pole-pieces as it is possible to get it, for the 
closer it runs the better the results. The whole machine is enclosed in 


a casing, part of which forms the frame supporting the field magnets 
and the bearings. 
152 
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Starting-lighting Troubles. 


Starting-lighting system troubles divide themselves naturally into 
two main classes—insufficient current, on the one hand, and disorders 
that prevent the use of current on the other hand. 

In a majority of cases lack of current is due to storage battery 
trouble, and a ear with its battery kept in the best possible condition 
will as a rule have little electrical trouble. 

Among the troubles that prevent the proper flow of current perhaps 
the most common is brush trouble, and in many eases this is simply 
due to the brushes being held off the commutator, so that there is no 





A MOTOR OF THE TWO-UNIT TYPE 


In this system the motor is used only to drive the engine when start- 
ing, while the generator is a separate machine which develops the current. 
contact, or too light a contact. Every user of a car has heard of 
‘¢sticking brushes.’’ A brush lifted from the commutator is like a 
water pipe disconnected and plugged tight at the ends—the line goes out 
of business. 

If the starter will not do its work despite the good condition of the 
battery, remove the cover over the brush holders and press down the 
brushes—gently—with your fingers while some one presses the starting 
button or pedal. If the starter works properly then it is proof that the 
brushes had not been making proper contact. The most likely fault is 
that the springs are weak, though occasionally the brushes may be held 
up by stiff joints, or by failing to slide in their holders. 

All “‘brush rigging’’ is alike in principle, though there is much dif- 
ference in the details of different makes. There is a holder that keeps 
the brush in place and there is a spring to press the brush on the com- 
mutator. Examine the machine and move the brushes up and down 
a little and you will see just how it works. The brushes should return 
to contact with the commutator with perfect freedom. If there seems 
to be ample spring pressure, yet the brushes move back sluggishly, it 
may be that there is a tight joint. See where the joints are and apply 
a very small drop of oil, taking the greatest care not to get any on the 
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commutator. Wipe off any oil that may be left outside. Tf the springs 
are weak the service station will tighten them in a jiffy, and it is best 
to let the expert do this, for too much brush tension causes rapid wear 
of brushes and commutator. 

In time the brushes will wear down until they are too short to make 
good contact. Look out for this if the machine has been running for 
some time. New brushes must be put in. 

Invariably use the brushes made especially for your machine. It 
is vital that the brushes should be exactly right, and you can’t afford to 
take any chances. 

Some brushes are fitted with short flexible cables called ‘‘pigtails”’ 
which are held by screws provided for the purpose. Always see that 
the pigtails are connected up and that they are put in just as the old 
ones were. 


Care of Commutators. 


The commutator is made up of a series of copper bars, each bar con- 
nected with a section of the armature winding and each bar insulated 
from the bars on either side of it. It is extremely important that the 
surface of the commutator should be as nearly perfect as possible. 

Never under any circumstances put oil on the commutator. It will 
ruin it. 

A commutator in good shape will have a dark brown or bluish glaze. 
This is the ideal working surface. 

Do not think that the surface should be the color of bright, clean cop- 
per. If there is a raw copper surface it indicates abrasion and rapid 
wear. ‘The cause will be found in too heavy a spring pressure, grit and 
dirt on the brushes or something that abrades the copper. 

Of course the commutator will wear in time. The copper wears a 
little faster than the insulating material between the bars, and then 
the insulation is left projecting slightly, causing the brushes to hop 
up and down a little and spark. The sparking blackens the commutator 
and causes a deposit that very soon eauses trouble and interferes 
seriously with the working of the machine. 

There is a good deal of difference between the appearance of a com- 
mutator that is suffering from high insulation and one that is merely 
dirty, though one may produce about the same effect as the other, so 
far as running is concerned. Blackening from high insulation is usually 
indicated in its early stages by black streaks parallel with the bars. 
The leading edge of a blackened bar—that is, the foremost edge as the 
commutator turns—will be blackened first, while the back edge may 
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be clean. <A dirty commutator will be streaked around the cireum- 
ference, in most cases. 

If the commutator is dirty, try wiping it off with a rag and a very 
little gasoline. If this does not work, sandpaper it. 

Do not use emery cloth or emery paper. 

Use a strip of very fine sandpaper—about No. 00—at least as wide 
as the brushes and wrap it so that it covers a full half of the cireum- 
ference. Stop sandpapering when the dirt is off; in other words, do not 
wear down the copper unnecessarily. After sandpapering clean out all 
dust and grit very carefully. 

If the commutator is sufficiently accessible, an excellent way to sand- 
paper it is to have a block of wood hollowed out in a half circle a little 
larger in diameter than the commutator; line it with a piece of thick 
felt and lay sandpaper on the felt. This does a fine job. Always 
leave the commutator as smooth as possible, finishing with a piece of 
fine sandpaper that is so worn that there is practically no cut or seratch 
left in it. Remember that the copper is soft and very easily cut. 

Do not sandpaper the commutator unless it cannot be made clean in 
any other way. This is because the old working surface is better than 
a new surface, and if it can be preserved so much the better. 

Many commutators are made with ‘‘undereut’’ insulation. That is, 
the insulation between the bars is cut out below the level of the working 
surface so that the commutator will have to wear considerably before 
there will be high insulation. When the bars wear down, however, 
and the insulation begins to get high, have the service station do the 
undercutting. It can be done by an owner who is fairly expert with 
tools, but it is a job that requires much care. The insulation must be 
cut out cleanly from bar to bar, making a groove about half as deep as 
it is wide. The copper must not be cut and great care must be taken 
not to mar the edges of the bars. The groove may be started with a 
fine triangular file and finished with a piece of hacksaw blade—one 
with fine teeth—set in a handle. 


Fitting New Brushes. 


If you put in your own new brushes you will have to fit them to the 
commutator. As they come from the maker they are usually square on 
the ends, whereas they must be curved to the same radius as the com- 
mutator to work properly. Rough out the curve in the contact end of 
each brush with a half-round file. Then put the brush in place, put 
under it—between brush and commutator—a strip of fine sandpaper 
a little wider than the brush and draw it back and forth until the curve 
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is perfect. Take care that the sandpaper strip is carried far enough 
around the commutator to give the true curve; if it is not carried 
round far enough the edges of the brush will not make contact. 

Commutators on both generators and starting motors, where there 
are both, call for precisely the same 
treatment and are subject to pre- 
cisely the same troubles. The gen- 
erator commutator will wear more 
rapidly than the other because it is 
in use so much more but, on the 
other hand, its brushes are not so 
likely to stick because of constant 
use. They will occasionally stick, 
however, and of course the genera- 
tion of current will be interfered 
with or stopped, according to the 
extent of the trouble. 
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Short Circuits. 


Grounds and short circuits may 
A TWO-UNIT SYSTEM INSTALLED QoRkeny in the starting-lighting wir- 
The instrument shown at the lower left-hand = : . Sra 
side of the engine base is the starting motor which INQ, and the principles are precisely 
meshes with the teeth on the fly-wheel. The in- ] aye ° mie 
strument above it to the right is the generator the same as in the case of ignition 
a ed wiring. Take particular care that 
all connections are clean and firmly made, for the voltage, or pressure, 
is low and the current is easily interrupted by dirt or an exceedingly 
small air gap. A method for testing for grounds and shorts is described 


later. 





Suggestions for Avoiding Trouble. 


Never run the engine with the generator disconnected from the 
battery unless the generator is disconnected from the engine so that its 
armature will not be rotated—unless specific instructions are given m 
your instruction book for so doing. 

Keep a chain drive well oiled and let the chain run a trifle slack rather 
than too tight. It will run more quietly and last longer in this way. 

Moving the car with the starting motor imposes a terrific strain on the 
battery. It is an abuse. Don’t do it. 

Keep commutators, brushes and brush rigging free from oil and 
grease—scrupulously. 

Keep all electrical apparatus perfectly dry. Don’t let tt get splashed 
when washing the car. 
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The circuit-breaker, which connects and disconnects the generator 
and battery automatically, should not be tampered with. If you are 
convinced that it needs attention, let an expert do a. 

Ihe at is necessary to remove any part of the electrical apparatus or 
make adjustments, first disconnect the battery, which 1s most con- 
veniently done by removing the ground wire from tts ground connection. 

If the system is in good order mechanically, but the motor will not 
turn the engine over, don’t keep on trying. In all probability the bat- 





A COMPLETE IGNITION AND STARTING OUTFIT 


The ignition coil, timer and distributor are mounted on the motor- 
generator frame. The outfit is driven by the gasoline engine, contact 
with the fly-wheel being made automatically when it is desired to start 
the car. 


tery is almost exhausted, and it must be recharged. Overdischargmg 
is very hard on the plates and shortens their period of activity. 

Don’t lay tools, pieces of wire or carbon or other conductors on top 
of the battery. In fact, don’t lay anything on the battery. A “‘dead 
short circuit’’ across the battery terminals will destroy the battery m 
a very brief time. 

Be absolutely certain that you make connections at the right places, 
if you should have to disconnect anything. A wrong connection may 
ruin a battery or generator or other expensive component. 

A battery that has been used for some time and then allowed to stand 
will recuperate somewhat. Do not depend upon this, however, for 
it does not amount to much. Recharge the battery wf it is low. 

Release the starting switch as soon as the engine starts. There is 
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nothing to gam and there may be a good deal to lose by keeping the 
switch ‘‘on’’ after the engine is running. 

A great many starting systems use a gear sliding on a shaft for 
engagement with the large gear on the flywheel for starting. See that 
the sliding gear—whether it slides on a plain shaft or on a threaded 
shaft—moves freely. There is liability to clogging from gummed oil, 
and this should be loosened up with kerosene occasionally. 

Starting-lighting systems are well and substantially built, and 
hability to get out of order is as small as it seems possible to make it. 
But trouble can occur. Remember that if the system is kept in good 
order in all its details it will do its work. Try to understand the main 
points of your system and learn how things work—which involves an 
understanding of why they do not work if they fail. Apply the prover- 
bial ounce of prevention and you will have little to do in the way of 
curing. But don’t attempt to do a thing you don’t know anything about. 
Find out about it first. 


WHAT YOU SHOULD KNOW AFTER READING CHAPTER II, 

SECTION II 

Why generators and starting motors are similar. 

What the principal starting-lighting troubles are. 

How to find and remedy stuck brushes. 

Why brushes are important. 

What ‘‘pigtails’’ are. 

How to keep the commutator in good condition, 

How to know a good commutator surface. 

What causes ‘‘high insulation. ”’ 

{low high insulation is remedied. 

What ‘‘undereutting’’ is and how it is done. 

How to sandpaper a commutator. 

How to make a sandpapering block. 

How to fit new brushes, and why they must be fitted. 

How to guard against grounds and short eireults. 

How to avoid troubles in the electrical system. 


How to care for sliding starting gears. 
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CHAPTER, IIL 
BULBS AND WIRING 


Lighting System Troubles. 


In looking for sources of trouble in the lighting system bear in mind 
the fact that the electrical principles are fundamentally the same as 
those described in the chapter on ignition. No high-tension current is 
used, however, so there is no such danger from leakage. On the other 
hand, however, the low-tension current is more easily interrupted, as 
has already been stated, than high-tension current, and for this reason 






YELLOW 


GOVERNOR GENERATOR 


CONTROL BOX 
A TYPIOAL STARTING AND LIGHTING SYSTEM 


‘There may be as many different wiring diagrams as there are cars on the market. Each system 


will vary in detail, but the instruction books should contain a complete description of the system con- 
cerned. 


good contacts and clean contacts are important. This is a point of 
such moment that it is worth repeating. In a great many cases of 
lighting trouble there is nothing wrong except that Something in some 
part of the system has occurred to prevent, or partially prevent, the 
flow of current. 

The lighting wiring is Separate from the starting wiring. The latter 


carries a very heavy current, and it is usual to run wires direct from 
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the battery to the starting motor, or the motor-generator, as the case 
may be. As a rule these wires are readily distinguishable because of 
their size. 

A wiring diagram looks complex, and is complex, to the uninitiated. 
But it need have no terrors, for the wires are always well protected 
and are not likely to give trouble. This does not mean that they should 
not be inspected occasionally, for it ‘s the unexpected that happens 
sometimes. The first places to look for troubles are terminals, mov- 
ing contacts of any kind, lamps and lamp connections. The battery, 
having been referred to at some length, may be considered disposed 
of in this ease, though it is well to say that if the lamps burn dimly 
it is advisable to be very sure that the battery is all right before assum- 
ing that something else is wrong. 

Tf the lamps burn brightly when first turned on and soon grow dim, 
it indicates clearly an exhausted battery. As has been stated, the bat- 
tery, after standing for a while, recuperates a little and will for a short 
time, perhaps, give sufficient current. This, however, will not last 
long. If the battery is very low the lamps may burn more or less dimly 
at first and then gradually fade out. The remedy is obvious. 

Most systems are so arranged that the lamps take current from the 
battery when the engine is not running or when it is running slowly 
but when speed increases the current is taken from the generator, an 
automatic switch making the change at the proper point. As a rule 
the lamps burn a little brighter when the dynamo current is supplying 
them; the change can be observed if the lamps are watched while the 
engine speed is increased. If there is a very marked difference be- 
tween the brightness when on battery and on generator circuit, the bat- 
tery is most likely low, or else the automatic switch is not working 


properly. 


Cause of Dim Lamps. 


If the lamps burn brightly when the engine is idle and dim exces- 
sively when the starting switch is operated, it indicates a weak bat- 
tery or a loose connection or that the engine is so stiff that it requires 
an abnormal amount of current to start it. Tf this is suspected try the 
engine with the hand crank to see if 1teis Stilts 

Tf lamps fail to light or if they go out suddenly, look for burned-out 
fuses, loose connections in wiring or the lamp bulb may not be making 
good connection in its socket. The lamp itself may be burned out; this 
is easily tested by trying a new bulb. 

If a lamp flickers there may be a loose connection somewhere or the 


bulb may be loose in the socket. 
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Focusing Headlights. 


If the headlights are not properly in focus the illumination of the 
road will be poor, even if the lamps are burning at full brightness. In 
every headlight there is a certain position for the bulb where its light 
will be thrown out by the reflector to the best advantage. Means are 
usually provided for adjusting the foeus. Place the car where the 
light from the lamps will be thrown on a wall or fence about 10 feet 
away and adjust the bulb until the dark rings disappear. Often it is 
necessary to readjust the focus when putting in new bulbs because the 
filaments are not always in precisely the same relative position in bulbs. 
Set the lamps so that the light will be thrown down on the road so you 
can see where you are going. Light thrown into the air does you 
no good. 


Use and Care of Bulbs. 

The most important thing about bulbs is to use the right ones. Be 
particularly careful to see that the voltage is right. A bulb made for 
a higher voltage than that of the lighting system will burn dimly. A 
bulb made for a lower voltage will burn with great intensity and then 
burn out. The length of time it requires to burn out will depend upon 
how much higher the voltage is than that for which the lamp was made. 
If there is much difference the lamp will burn out immediately. 

The higher the candlepower of the lamp the more current it will take 
and the greater will be the drain on the battery. 

Do not use lamps of higher candlepower than those specified for your 
system, and do not use lamps of a different voltage than is specified. 

A bulb that is allowed to get very dirty will burn out sooner than 
one that is kept clean because it cannot radiate its heat as rapidly as 
it should. Also, a dirty bulb is an inefficient source of light. So keep 
the bulbs clean. 


Care of Reflectors and Lenses. 


The condition of the reflectors is of importance. Keep them clean 
and bright. A silver-plated reflector must be treated carefully, for the 
silver is very soft and easily scratched. If the silver is much tarnished 
clean it with soft chamois and a little Jewelers’ rouge dampened with 
alcohol. Then use another piece of chamois with a little dry rouge. 
This will give a brilliant surface. Don’t rub too hard, for the silver 
is easily worn off. In time the original brightness will wear away and 
the reflector will have to be re-plated. 

Keep the lenses clean. Do not think that because glass is very hard 
it cannot be scratched easily. Itcan. A dusty, gritty cloth will scratch 
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a lens and dim its high polish. High-grade lenses are of a rather soft 
glass and should be treated with respect. Keep special pieces of soft 
cloth and chamois for lamp work, and see that they are kept free of 
dust and that they are not used for anything but the lamps. 


One-wire and Two-wire Systems. 


Some lighting system are designed on the one-wire and others on the 
two-wire principle. ‘This means simply that in the one-wire system 
the return current to the battery is grounded, just as ignition current 
is grounded. The principle is precisely the same. In the two-wire 
system both sides of the cireuit are wired. Both systems are satisfac- 
tory and give good results. 

One-unit and two-unit systems must not be confused with one-wire 
and two-wire systems. The one-unit system, or single-unit, uses a 
single machine for both motor and generator, while in the two-unit 
system there are two separate machines, one a motor and the other a 
generator. Hither single or double wiring may be used with either 
single or double unit systems. 

What Fuses Are. 

Fuses are short strips or wires of a metal that melts easily. They 
are inserted in the various circuits for the protection of the lamps, 
windings and other parts. If for any reason the current in any cireuit 
becomes so heavy as to endanger the apparatus, the fuse melts—‘‘ burns 
out?’ or ‘‘blows’’—and saves damage. Fuses vary in form, in location 
and in number in various systems, but always are placed where they 
are easily inspected and renewed. 

If a fuse burns out it puts the circuit of which it forms a part out of 
business until a new fuse is inserted. So, in case of an interrupted 
cireuit, do not forget to inspect the fuses. 

When a fuse burns out, find out why it burned out before putting 
in a new one. If the trouble remains you will only burn out another 
fuse, and if you keep on that way you may manage to do damage. 

A short circuit, in a lamp circuit will usually cause the fuse to burn 
out or blow, because, the resistance of the lamp being eliminated, too 
heavy a current will flow. Look for grounds, especially in a single- 
wire system. 


Using a Test Lamp. 


The easiest way to detect a ground or a short-circuit is to use a test 
lamp. This is simply a small lamp, such as is used in the lighting 
system of the car, with two wires attached, having the ends bare. 

If a fuse is blown in a single-wire system and a ground or short cir- 
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cuit cannot be seen, make a test with the test lamp with no fuse in place 
in the circuit in which the fuse has blown. Turn on the lighting switch. 
Touch one test lamp wire to one of the fuse clips and the other wire 
to the other clip of the same fuse. If the test lamp burns brightly it 
indicates that the wire leading from the fuse to the lamp is grounded, 
and the job is to find the ground and remove it. If both test lamp and 
car lamp burn at the same time it indicates that the wire is not grounded. 

To test for a short circuit that cannot be found otherwise, disconnect 
the negative terminal of the battery (marked Neg. or—) and connect 
one end of the test lamp wire to the negative battery terminal and the 
other to the cable that has been removed. 

Turn off the lighting switch before doing this. 

If the test lamp burns it indicates that there is a ground or short 
circuit. Otherwise it would not burn with the switch turned off. Go 
over the wiring carefully, with the lamp burning. Move the wires 
about. When the grounded or shorted wire is moved out of contact the 
lamp will go out, and you will know where to look for the trouble. 

If these simple tests do not reveal the trouble let the service station 
have the job. 

Anything that causes a disconnection and prevents the flow of cur- 
rent is an open circuit. A. broken wire or a wire adrift from its con- 
nection causes an open circuit, for instance. 

Open circuits are not likely to occur except from looseness of things 
that should be tight. Wires are not easily broken, as a rule. Of course 
a blown fuse causes an open circuit. 

The test lamp can be used to hunt out open cireuits.. The method 
of using it will depend on the lighting system, and the instruction book 
will tell just what to do. 


WHAT YOU SHOULD KNOW AFTER READING CHAPTER IU, 
SECTION II 


How to look for lighting troubles. 

How to foeus headhehts. 

What lamp bulbs should be used. 
Why bulbs burn out. 

Why bulbs should be kept clean. 

Why using wrong bulbs makes trouble. 
How to eare for reflectors and lenses. 
How to keep reflectors bright. 

What one-wire and two-wire systems are, 
What fuses are. 

Why fuses burn out. 


How to use a test lamp. 
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SECTION III. THE TRANSMISSION SYSTEM 
CHAPTER I 
CLUTCHES 


Why an Automobile Needs a Clutch. 

A elutch is necessary on a gasoline car because it is necessary to allow 
the engine to gain speed before making it drive the car. It is neces- 
sary to allow it to gain speed because at low speed it has very little 
power. In other words, its power is dependent upon its speed; the 
lower the speed the lower the power. So the engine must be started 
without load, and the load applied after it gets going at sufficient speed 
to carry the load of starting the machine. 


Types of Clutches. 


Clutches are divided into two main groups—cone clutches and dise 
clutches, both of which are made in a wide variety of designs. Other 
types have been used in the past but have been discarded, so far as 
automobile service is concerned. 

The cone clutch, reduced to its elements, is 
simply a short section of a cone of large diam- 
eter fitting into a recess of precisely the same 
form and pressed into place by a spring. The 
internal member is usually cut in the flywheel, 
or attached to it, while the external member 
is separate and is the part that is moved in 
engaging and disengaging. A heavy spring 
presses the clutch into engagement and pressure 

ia em eee on a pedal releases the spring. The holding 
_The cone with its leather. POWer of the cluteh—its ability to drive without 
lined surface (shown in black) sis :) * G 
is about to engage in its corre. slipping when under full spring pressure—is 
ee ees | the arse nes LOMO things. One is friction and the 
other is the wedging action due to the conical 
shape. The friction is made high by lining one of the members— 
usually the moving part—with leather or with fabric similar to brake 
lining. 
The angle of the cone is very carefully worked out. If it were too 
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slight the clutch would ‘‘grab’’ or wedge hard into place as soon as 
let in, and the car would start with a violent jerk and the engine might 
be stalled. If the angle were too great—the slope too abrupt—there 
would be‘insufficient wedging action and the eluteh would slip when it 
ought to be driving without slipping. 

In the ordinary type of cone clutch the cone moves toward the fly- 
wheel into engagement. Occasionally this order is reversed, and the 
cone moves in the opposite direction, engaging with an internal member 
bolted to the flywheel. This is called a reversed cone clutch. The 
spring is placed between the flywheel and the cone. The principle is 
precisely the same, however, as that of the ordinary cone clutch. 

The dise clutch depends wholly upon friction, there being no wedging. 
It consists of a series of dises, half of which are 
attached to driving members attached to the fly- 
wheel and the other half to the shaft which trans- 
mits power to the gearset. The discs are so ar- 
ranged that they can be pressed tightly together 
by a spring or springs, but when the spring pres- 
sure is released they will’move apart slightly. 
When pressed together the friction is so great 
that the set of plates attached to the flywheel is 
firmly clamped to the set attached to the shaft, ie coed & ee 
Pada pOsiiiverdrivesis elected. In igome cases @tiedito, thes By wherk euc 


those in between are con- 


all the plates are of metal, and the engaging sur- nected with the gearset shaft, 
faces are metal-to-metal. In others half of the is Saeed niger 
plates are faced with friction fabric. Some pag 

clutches run in a bath of oil and some run dry. 

A popular type of clutch is the plate clutch, which is simply a disc 
clutch with only three plates. This is a simple and compact form and 
is quite widely used. 

In some disc clutches ‘‘cork inserts’’ are used instead of fabric facing. 
These are simply small discs of cork set into the dises, projecting 
slightly above the metal surface. When the dises come together the 
cork engages first and gives an easy engagement. The action of cork 
is peculiar. Though very soft, the cork does not wear rapidly—in fact, 
it wears very slowly. It causes great friction with steel, and helps 
ereatly in the holding, and is little affected by Oleor. cairt: 

































































THE DISC CLUTCH 


Troubles of Cone Clutches. 


To do its work perfectly the clutch must hold fast without slipping 
when the full pressure of the spring is applied, but must take hold 
gradually, slipping a great deal when the pressure of the spring is 
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light, and slipping less and less as the pressure is increased. This 
permits the gradual picking up and easy starting that is so much 
desired. 

The faults of a clutch will of course be the opposite. It may slip 
when it should hold and fail to slip on first engagement, 
and ‘‘grab’’ so that the car is started with a jerk or a 
series of jerks. A clutch that grabs is said to be a 
““fierce’’ clutch. 

A clutch may slip because the spring pres- 
sure is too light, because there is oil on the 
friction surfaces or because the leather or 
fabric facing is worn or has been made so 
hot from excessive wear and slipping that it 
glazes or chars and will not hold. Cone 
clutches ag a rule are run with- 
out oil. 

Grabbing is due to a defective 
condition of the friction surfaces. 
Commonly it is due to a hardened 
condition of the facing, which re- 
sults in a loss of the slight resili- 
eney which provides a little give when the 
clutch is let in. If the lining is of leather and 
is not used up from long service, it ean be 
restored by the application of neatsfoot oil 
or castor oil. The oil should be allowed to 

soak into the leather to soften it, but no sur- 

cut-away sEc- plus should be used, as this would cause 

Se aes slipping. Kerosene is often used, and is 
Ths jis emiler | fairly satistackory, 


to the disk clutch A 
except that it em- It is not necessary, however, to remove the 


ploys only three plates—two at- 


tached to the fly-wheel and one Clutch to apply oil, unless it is in very bad 


connected with the shaft leading to aie é 4 
the goarset. The plates are nor Condition. Simply hold the clutch out of en- 
mally held together by means of a Pann ; Sie) ° 
Rae cenge heaunctecnac. gagement and apply the oil in any convenient 
way—with a squirt-can, for instance—turning 
the clutch to get oil all over it. Do not get too much oil on, or there 
will be slipping until the surplus oil is worked out. Keep the clutch 
out until the oil has had a chance to soak in. 
If a cone clutch slips badly on the road and it is necessary to do 
something to enable the ear to get home, pry up the cluteh facing at 
four or five equidistant points around the circumference and insert 


strips of cardboard—pieces of a business card, for instance—an inch 
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or an inch and a quarter long. These will raise the leather and cause 
it to make better contact. This of course is an emergency measure. 
It will wear the facing in spots and should be used only when it is 
intended to put on a new facing at the earliest opportunity. 

Cleaning a clutch facing and applying oil, as 
deseribed, will eure slipping as well as grabbing, 
provided the spring is not too weak. If the 
spring is weak it can usually be adjusted. The 





A y: ° TEMPORARY CURE FOR 
means for adjustment vary, but in all cases the \ SLIPPING CLUTCH 
instruction book will make the matter clear. A thin card-board intro- 

4 duced between the clutch 
Another way to free a elutech facing of oil and leather at several 

: . : : : ; a points will give better con- 

or dirt is to wash it with gasoline. Have some tact until the leather can 


be renewed. 


one work the clutch pedal while you squirt 
gasoline on the facing, using plenty of it. This will carry off both oil 
and dirt. Then let the gasoline dry out and treat the facing with 
neatsfoot or castor oil. 

Tf a clutch facing has become coated with lubricating oil first find out 
where the oil comes from and stop the fouling. Then, 
with the clutch held out of engagement, sprinkle 
fuller’s earth or borax on the leather, using a piece 
of stiff paper or the like as a sprinkler. Do not use 
too much. The powder will absorb the oil and im- 
prove the working of the clutch. Rosin is not a good 
thing to use, largely because it is Hable to melt under 
eprinc unper the heat of friction and make the. clutch slip worse 





ee ee than ever. Never use lubricating oil on a clutch facing. 
This gives a smooth In many clutches there are springs under the leather 


and gradual contact 


of the friction sur. tO push it slightly outward in places. These high spots 
a engage first and have only a light hold, so that the 
clutch goes into engagement very gently. In time these springs may 
weaken. Sometimes they can be stiffened up. If the springs are of 
the plunger type there will be washers to prevent the plungers from 
projecting too far. The removal of a washer will permit the leather 
to be raised sufficiently. If flat springs are used they may or may not 
have adjusting means. If there is an adjustment, use it; if not the 
spring itself can be bent to give a little more pressure. 


Troubles of Disc Clutches. 


When a disc clutch slips the cause is usually that the spring is too 
weak or that the oil—in types in which oil is used—is too thin. A 
mixture or half oil and half kerosene is often used, but your instruction 
book will tell what your clutch needs. 
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Harsh engagement may be due to the use of the wrong oil, to dirt 
between the plates, to gummed or burned oil, or to roughened plates. 
The plates must be perfectly smooth or they will not engage smoothly. 

Too heavy an oil, gummed oil, dirt and sometimes roughened plates 
will prevent the proper release of the clutch when 
the pedal is depressed and the clutch will ‘‘spin.”’ 
The driving plates usually slide on a key on the 
shaft. If the key gets rough or dented so that the 
plates cannot slide easily they are likely to stick 
and spin. Sometimes the edges of the plates next 
to the shaft and key will become marred, with the 
same result. 

















SECTION OF A PLATE Suggestions on the Use of the Clutch. 
(GUGAGH MON aN 


he es aie While the clutch is intended to slip when first 
free from gummed or let in, it should not be slipped any more than 
pe ye is necessary. Excessive slipping will spoil a 
clutch in a short time. Let the pedal come back as quickly as is con- 
sistent with smooth starting, and when the clutch is in let it stay in. 
Keep your foot away fromit. Many drivers form the habit of “riding 
the clutch’’—keeping the foot on the pedal all the time and uncon- 
sciously giving it a little pressure, which causes constant slipping—and 
constant trouble in clutch condition. 

The clutch operating mechanism should always be kept well lubri- 
cated by whatever means are provided for the purpose. Requirements 
vary greatly in this respect, and the instruction book must be consulted. 


‘ 


Renewing Clutch Facings. 


When a clutch facing is worn out a new one can usually be obtained 
from the manufacturer ready to apply, and it should be riveted with 
the same kind of rivets used in the old facing. The work must be eare- 
fully done, and it is very necessary to make sure that the rivet heads 
are countersunk well below the leather surface. 

If it is impracticable or impossible to get a new leather eut to shape, 
one can be cut froma pattern. If the old facing ean be removed intact, 
or nearly so, it can be used for the pattern. 

Draw the outline of the clutch on a large piece of heavy paper, making 
it the exact size of the actual clutch and taking great care to have the 
angle of the cone precisely right. Draw a long line through the center. 
Now continue the lines of the cone until they meet in a point on the hub 
line and use this point as a center from which to strike the lines of the 
pattern, which must pass through the corners of the clutch as you have 
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drawn it. The length of the long side of the pattern must of course be 
equal to the cireumference of the clutch cone where it is greatest, and 
for the sake of safety it is better to make it a little longer to allow for 
cutting where the ends butt together. Cut out this pattern carefully 
and use it to cut the leather. 

The leather is heavy, sometimes 
quarter of an ineh thick. Soak it 
with neatsfoot or castor oil to 
make it as pliable as possible be- 
fore riveting it on. It is impor- 
tant that the new leather should 
be of the same thickness as the 
original when new. 

Rivet one end of the leather in 





/ 
CUTTING A CLUTCH FACING 
The new leather should be absolutely smooth 


place. Then stretch it as tightly when applied and consequently it should be cut 


of exactly the right size and curvature, 


as possible and put in the next 

pair of rivets, using a small clamp to hold it while riveting, and so on 
all the way round. In this way the facing will be tight all over, which 
is important. If you try to rivet the ends first and then put in the 
intermediate rivets you are almost sure to have the leather bulging in 
some places. 

Use a good grade of belting leather. 

Tf a lathe is available true the facing by taking a light cut over it. 
Tf no lathe is available, try the cone in its place, moving it to mark the 
high spots, and rub them down with sandpaper or a coarse file until a 
good bearing is obtained all round. 


WHAT YOU SHOULD KNOW AFTER READING CHAPTER I, 
SECTION III 


Why a ear needs a clutch. 

What types of clutches are used. 

What a cone clutch is. 

What a reversed cone clutch is. 

What a dise clutch is. 

What a plate clutch is. 

What makes a clutch hold. 

What troubles a cone clutch is subject to. 
How to cure cone clutch troubles. 

What troubles a dise clutch is subject to, 
How to cure dise clutch troubles. 

How to prevent grabbing and slipping. 
How to clean a clutch facing. 

How to adjust clutch facing springs. 
How to make a clutch hold in an emergency. 


How to use the clutch. 
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CHAPTER II 
THE GHARSET 
Why the Car Needs a Gearset. 


An automobile needs a gearset for the same reason that it needs a 
elutch—beecause of the engine’s low power at low speed. 

To illustrate the point, suppose there were no gearset, the drive 
being direct to the rear axle so that the car would always run on direct 
drive, or what would be high speed with a gearset. 

To begin with, it would be difficult to start the car, for some little 
power is required. It would be possible, however, under good road 
conditions, by speeding up the engine and letting the clutch slip exces- 
sively at first. Once started, the car would run as is usual in high gear. 
As a matter of fact, when running at ordinary road speed on a good 
road the engine is required to develop only a small part of its rated 
horsepower, and the engine is capable of developing only part of its 
power at low speed. 

But a grade is encountered. The throttle is opened to give the 
engine more fuel, and in this way the power can be somewhat increased 
without an increase of speed. But when the engine is taking all the fuel 
it can handle at a given speed there is no way of increasing power with- 
out increasing speed and enabling the engine to burn more fuel. But 
the grade has been increasing, and it slows down the car and the engine, 
and of course the engine grows weaker as it slows down and stalls. 

Now it is time to desert the direct drive. Something must be done 
to allow the engine to run faster and develop more power without 
proportionately increasing the speed of the car. And this is where the 
gears come in. Suppose the driving shaft is divided and the part at- 
tached to the engine is fitted with a small gear and the part attached 
to the rear axle with a large gear. Now the speed of the engine and 
the shaft with the small gear will be slower than the speed of the shaft 
carrying the large gear in exactly the proportion that the large gear 
is larger than the small one. If one gear is twice the diameter of the 
other the engine will run at twice the speed of the driven shaft. This 
is the principle of all change-speed gears. If you arrange several sets 
of gears so that you can bring into engagement gears of varying relative 


sizes you will have a gearset, and you can vary the speed of the engine 
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with relation to the speed of the rear axle and that of the car as much 
as you please within the limits of the gears. wd 

There are two reasons why lowering the gear—that is, increasing the 
speed of the engine with relation to the speed of the rear axle enables 
the car to do harder work. One, already referred to, is that the engine 
gains more power by its increased speed. The other is that the gears 
x act as levers, and driving from a 

x small gear to a large one is pre- 

ee ear cisely the same in principle as 

\ shifting the fulerum of a lever go 
ies ©) | that the force is applied to a longer 
aa / end. In fact, gears are nothing 

but revolving levers. Suppose 
[nn ae you cut away all of the gears ex- 

7 cept the teeth actually in mesh and 

dae arene the steel _between the teeth and 

If we consider only the teeth in contact, it is Shafts. You now have a tooth on 
ee aie G7 oe: aed pmeat ered ob oueas the engine shaft lifting at the end 
of a lever on the driven shaft. The longer the lever on the driven shaft 
the greater will be the pull, other things being equal. 

Thus the change in leverage will enable the engine to pull harder, 
though at a lower speed, without itself running any faster. But it will 
be running faster in proportion to the speed of the car. 

Here it is well to call attention to the fact that strictly speaking the 
transmission system includes all parts transmitting power from the 
engine to the rear wheels—clutch, gears, propeller shaft, bevel gears 
and rear axle. The gearset—which is the proper term, though it is 
very commonly called the transmission—is simply part of the trans- 
mission system. 








Types of Gearsets. 


The standard type of gearset is the sliding gear, selectively operated. 

The gears are mounted on parallel shafts so that gears of various 
relative sizes can slide into and out of mesh. While the sliding gears 
can move along their shafts they cannot turn on them because there are 
‘“‘splines”’ or longitudinal keys which fit into corresponding grooves in 
the hubs of the gears. Usually there are several splines cut integral 
with the shaft so there will he ample wearing surface and the gears will 
not work loose. 

Selective operation means simply that any pair of gears can be 
meshed at will without having to throw other gears in and out of mesh 
first. In the old ‘progressive’? system of gearshifting it was neces- 
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sary, for instance, in changing from high to low speed to mesh and 
unmesh the intermediate gears on the way. Going from high gear to 
reverse involved going through all the intermediate speeds. 


SLIDING GEAR FOR SLIDING GEAR FOR 
HIGH AND INTER- LOW SPEED AND 
MEDIATE SPEEDS REVERSE 
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THE INSIDE OF THE SELECTIVE SLIDING GEAR TYPE OF GEARSET 
The gearset is here shown in second speed. The reverse gear on the main shaft slides over the 
reverse idler which is placed lower down (below the two shafts) so that the teeth can mesh properly. 


There is always a ‘‘neutral’’ point where there is no gear connection 
from the engine to the propeller shaft. This is absolutely necessary 
because the normal position of the clutch is ‘‘in,’”? and if no neutral 
position were provided the clutch would have to be held out whenever 
the engine ran without driving the ear. 

Most cars have three speeds forward and 
always there is one reverse ; the reverse is not 
counted in enumerating speeds. A few cars 
have four speeds, and some of the lower-priced 
ears only two. THE DIRECT DRIVE 

° . ° . OLUTCH 
High speed is ‘‘direct.”’ That is, none Of — when the gear is in mesh with 
} IX74 the jaws of the clutch, the clutch 

the gears in the gearset are driving, though fe j*¥5 "the main transmission 
in most gearsets the conntershatt revolves «beth revolve a5 8 unl Oe oe 
2 i ; : gearset is placed in direct,” or, 
idly, its gear being always In Mesh with the. \ ae it ts) venenally known, “high 

ae : : F speed. 
driving gear on the engine shaft. This direct 
drive is effected by leaving all the sliding gears out of mesh and clutch- 
ing the primary shaft to the engine shaft by means of some form of 


jaw or tooth clutch. - This is sometimes simply a small gear which 
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‘ 
slides into a recess of exactly its own shape—an internal gear, in fact. 
Sometimes it is a serrated clutch, with sections cut out into which 
corresponding projections in the other half fit. The action is the same 
in any case. 

Reverse is obtained by interposing an idler gear between two of the 
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REVERSE GEAR 


THE PROGRESSIVE TYPE OF SLIDING GEAR 


In the ordinary gear of this type, high or direct speed can only be reached from neutral by passing 
through the first and second in succession. In one type, however, the reverse is obtained by a sideways 
thrust of the lever. Low is toward the rear and the neutral and second toward the front; consequently, 
only the intermediate gear must be passed through in order to reach the neutral from high, 


driving gears. The usual arrangement is to have the idler between 
the low-speed sliding gear and a special gear on the primary shaft. 
The interposition of an idler does not change the gear ratios; the ratio 
is precisely the same as if the two principal gears were meshed. It 
does, however, reverse the direction of rotation. 


What the Planetary Gear Is. 


Planetary gearing is usually considered complex and hard to under- 
stand. Itisnot. The principle is really simple, and the accompanying 
diagrams make it clear. The Ford gearset is of the planetary type. 
The term planetary is used because the movements of the gears resem- 
ble the movement of the sun and planets. In fact, early gearing of 
this sort, used long before automobiles were built, was called ‘‘sun-and- 
planet’’ gearing. 

Referring to the diagram, A is an internal gear, which is simply a 
ring with teeth cut on the inside instead of the outside. BBB are inter- 
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mediate pinions and C is a gear on the engine shaft. The intermediate 
pinions turn on studs set in a dise. 

For the purpose of illustration, we will assume that the engine shaft 
ends at the gear C while the propeller shaft is attached to the center of 
the dise carrying the pinions BBB. If the large internal gear A is 
held so that it cannot turn, and the engine shaft and its gear C are 
rotated the intermediate pinions BBB will of course be driven and 
will turn on their studs in the dise. But as these pinions also mesh 





DIAGRAM OF THE PLANETARY LOW SPEED AND REVERSE 

Tn this type the gears are always in mesh, the speed being obtained by 
means of the friction brake-bands. Such systems are, as a rule, limited 
to two forward speeds and one reverse. 


with the internal gear, which cannot turn, they are forced to run around 
in the space between A and CG, and the dise on which they are mounted 
will perforce turn with them, turning the propeller shaft. This will 
give a low speed because of, and in proportion to, the difference in the 
sizes of the gears A and C. 

Now suppose the members are arranged a little differently. The 
engine shaft carries the center gear CG in the same way; but the disc 
to which the propeller shaft is attached is attached to the internal gear 
A instead of to the pinions. The pinions run on studs on a dis¢e as 
before, but the dise is arranged so that it ean be held stationary, not 
turning as in the previous case. The pinions can revolve only on their 
own studs; the pinion dise being stationary, they cannot run around 
between the shaft gear and the internal gear. Now follow the move 
ments. The shaft gear turns, causing the pinions to rotate on their 
studs and to drive the internal gear which is attached to the propeller 
shaft. Now, however, the propeller shaft will be given a reverse 
direction because the disc is stationary, and we have a low reverse speed. 

For the high speed the gears do no work. They are all clutched 
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together and the whole assembly rotates with the shaft, so that the effect 
is precisely the same as if a solid shaft were used. This is one of the 
advantages of the planetary system. 

It is necessary to use two separate sets of gears, one for low speed 
and the other for the reverse. From a practical point of view the 
planetary gear is limited to two speeds. Three speeds can be obtained, 
but the disadvantages greatly outweigh the advantages. 


Gearset Lubrication. 

The gears of a gearset' are among the most carefully made parts of 
the car. Tremendous strength and great resistance to wear are re- 
quired and provided by the use of very high-grade steels accurately 
finished and made very hard. Gear trouble once was common. Now it 
is rare. With adequate lubrication and reasonably careful use the 
gearset will give no trouble to speak of. 

The matter of lubrication is all-important, regardless of the type 
of gearset. The pressures on the gear teeth are very heavy, and if 
too light a lubricant is used it will be squeezed out and the metal sur- 
faces will come together and wear. If it is too heavy it will not work 
around as freely as it should and, moreover, it will absorb a surprising 
amount of power in merely moving the gears through the heavy mass. 
The lubricants used differ quite widely, but as a rule a heavy oil or a 
light grease is used. A heavy grease would not work into ball bearings. 
Too light an oil, on the other hand, would not only fail to lubricate the 
gears effectively, but would work out through the bearings. 

Stick to the lubricant specified by the maker, and, as in other parts 
rr of the car, avoid cheap lubricants. 
There is absolutely no saving in 
their use. They will not last as 
long as good stuff and they per- 
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ae mit more wear, so that it is a case 
Ue of saving pennies at the cost of 























dollars—‘‘ Penny wise and pound 
foolish.’’ . 











THE SELECTOR RODS or THE sELEcTIve Lypes Of Gearshifts. 
SLIDING GEAR SYSTEM ari 
The notches in the rods are to hold the proper Sliding gears are moved by 


gear in position until released by the shifting handle, ~ Ris * 
The springs holding the pin in place should be means of forks which engage im 
strong enough to prevent any of the gears from : 


jumping out of mesh, grooves cut in the hubs of the 
gears to be moved; the drawing 
makes this clear. The forks are attached to sliding rods which are 


moved by the gear-shift lever. Moving the gear-shift lever sideways 
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eauses it to engage with different rods, while moving it forward or 
backward, after the rod has been engaged, causes the gears to slide. 
In the center neutral position is obtained. The sliding rods are fitted 
with detents or catches to hold them in the positions taken when the 
gearsmesh. Usually the detents are steel plungers which 

drop into notches in the rods and are held by springs. 

The plungers and notches are so shaped, however, that 

when pressure is applied to the rod the plunger will be 

forced up and out. 

In many eases the gearshift lever is guided by an 
‘*H-plate,’’ which is simply a steel plate with slots cut in 
it to ensure movement in the right direction and to prop- 
erly limit it. The slots run together and form an H. sir aie Sy ae 
When the lever is in the eross-slot of the H the forks are ca used G 
between the sliding rods, engaging neither of them. The Hee gue 
gearshift lever cannot be moved into the center of the ee a 
Hl without moving the sliding gears out of engagement. It will be 
clear that from the neutral position any gear can be engaged at once 
by first shifting to right or left and then forward or backward, accord- 
ing to the desired gear. 

The usual system of movements for 
changing gears is as follows: Central posi- 
tion, neutral; to the left and backward, low 
speed; straight forward all the way from low, 
reverse; to the right from neutral and for- 
ward, second or intermediate speed; all the 
way back from second, high speed. 

A popular form of gearshift lever is the 
‘cane’? type which works in a_ball-and- 
socket joint. In this case the lever is moved 
into the various positions in the same way 
and the positions are the same. 

In the old progressive type of control 
there is a notched sector over which the 
lever moves, the reverse position being at 





POSITIONS OF THE PROGRES- 
By Se DEIN GSEEN ES one end of the sector and high speed at the 


The first notch is reverse; the sec- 


Pit se: fie hid, ow) ta Opposite end and other positions between tn 


fourth, intermediate; the Afth, high © roovegsive order. There is only a back- 


ward and forward movement. 


Gearset Troubles. 


As has been stated, gearsets are usually well made and not likely to 


180 EVERYMAN’S GUIDE TO MOTOR EFFICIENCY 


give serious trouble. Sometimes the shifting of gears becomes more 
or less difficult because of the burring of the teeth through bad handling 
or wear of the lever at the point where it engages the sliding rods. If 
the various parts are not properly lubricated they may bind. If the 
gearshaft bearings are worn much it is likely to cause the gears to go 
together hard. 

If it is found impossible to engage the gears without clashing and 
grating see that the clutch is not dragging so that the gears are kept 
spinning when they should stop. 

Gears that run noisily because of worn teeth may be somewhat quieted 
by the use of a heavier lubricant.. Care must be taken, however, not 
to use too heavy a grease, and the service station may well be consulted 
in the matter. 

Worn bearings are detrimental to the whole gearset, causing the 
gears to wear out of shape and with abnormal ranidity. The replace- 
ment of the bearings is a repairman’s job, for it must be done right. 
Gear teeth may be smoothed—by the repairman—and he can correct 
trouble between the lever and the sliding rods. Occasionally the 
detents on the sliding rods slip out too easily, in which ease the trouble 
can usually be cured by increasing the pressure of the spring or, if the 
notch is worn, deepening it slightly. 

In planetary gearing the clutch bands wear and slip after having 
been used for some time. These are readily adjusted. See that the 
bands on the low speed and reverse drums are not too tight. If they 
are they will drag when they should be free and cause friction and 
unnecessary wear, as well as absorbing and wasting power. 

The gears get noisy when worn, and they will be noisy if not properly 
lubricated, even though they may not be worn. 

Occasionally shifter forks are bent, through rough handling, so that 
the gears are not fully meshed when the shifting lever is in proper 
position. This reduces the contact area of the gear teeth and causes 
rapid wear and noisy operation. In some gearsets the high-speed 
clutch teeth wear at an angle, so that there is a tendency to push the 
clutch out of engagement when power is applied. If the angle is great 
enough the clutch will sometimes be pushed out against the restraint of 
the detent on the sliding rod. In either case have the repairman do 
the job, and have it done as soon as possible. 


Suggestions on Gearshifting. 


The quiet shifting of gears ig by no means a difficult matter, and it 
is all the easier if one understands the matter. 


Just before changing gears the clutch is pushed out. This discon- 
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nects the engine from the shaft on which the shding gears are carried 
and leaves the shaft free. It will continue to turn, however, by its 
own inertia for a moment after disconnection. The other shaft is stall 
moving because it is connected with the propeller shaft and must turn 
as long as the car is moving. The point is to shift while the splined 
shaft is still spinning, so that it will slip easily into mesh with the new 
gear and will change its own speed to faster or slower, according to the 
shift, without shock. If the change is delayed until the splined shaft 
stops you will have to mesh a gear that is not turning with one that is 
turning quite rapidly, and the result will be a clashing and grating of 
gear teeth—which is very hard on the ends of the teeth—and perhaps 
difficulty in getting the gears to go together. So make the change only 
an instant after throwing out the clutch. Practice will indicate how 
long—or rather, how short—an interval should elapse. This may 
vary with the gear—whether first, second or third—but not appreciably 
with the speed of the ear. 

Shifting with the car standing is a different matter, for with the clutch 
out all the gears are idle and there is nothing to prevent their engage- 
ment—unless it should happen that the ends of the teeth come squarely 
together. This possibility is minimized by the rounding of the ends 
of the teeth. If the gears will not go into mesh do not under any cir- 
cumstances try to force them, or you may bend the forks or some part 
of the shifting mechanism. Just let the clutch part way in for a touch, 
and this will move the gears 

The movement of the gear lever should be quick and decisive. The 
thing is to get the gears in and out with as little delay as possible on 
the way. And the throwing out of the clutch should also be done with- 
out delaying or dragging. Watch a good driver, and you wiil see that 
he does not lag in his gear-shifting movements. He does the job in a 
jiffy -erbial neatness and despatch. 





Shifting to a Lower Gear. 


Some cars will shift more easily to second speed from high than will 
others at the same rate of car travel. In other words, cars will vary 
in the speed at which they can be most easily changed to the lower gear 
ratio. When the gearset is shifted to a higher speed, the engine turns 
more slowly for the same rate of car travel; when shifting to a lower 
gear, the reverse is true and the engine must turn over faster. If it 
is desired to shift to a lower gear from a higher speed than that at 
which such a change can be made smoothly, the following “ double shift”’ 
+s recommended and will be found satisfactory, after considerable 


practice. 
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The Double Shift. 

First, let the foot off of the accelerator, throw out the clutch, and shift 
into neutral—instead of moving all the way through to second. Im- 
mediately release the clutch and give the accelerator a slight tap with 
the foot to speed up the engine, then push out the clutch and move the 
shifting lever on into second speed. The reunion of the two parts of 
the clutch at the same time that the engine is accelerating and the trans- 
mission is in neutral, will serve to bring the gears which are to be 
meshed, to approximately the same speed of revolution. Do not prac- 
tice this when going up a steep hill, for the fraction of a second of 
additional time required will cause a car to loose speed. 

The average modern car has such ample power that high gear can 
be used perhaps 90 per cent of the time, on an average. But there is 
such a thing as carrying the high gear idea too far. There is nothing 
gained by sticking to high on a hill up to the last possible moment and 
shifting down just in time to save the engine from stalling. When the 
engine runs slowly pulling up a grade you can feel the separate impulses 
in the cylinders, especially in a four-cylinder engine, and this causes 
unnecessary wear on the engine and is hard on the clutch and, in fact, 
on the whole of the transmission system. The engine will do its work 
much more easily and smoothly on a gear that enables it to pull easily 
and with something to spare. On the other hand, too low a gear allows 
the engine to race and is also undesirable. Use always the highest gear 
on which the engine will pull easily and smoothly. 


WHAT YOU SHOULD KNOW AFTER READING CHAPTER II, 
SECTION III 


Why a ear needs a gearset. 

Why a lower gear vives more power. 

How gears resemble levers. 

What the transmission system is. 

What types of gearsets are in use. 

How the sliding gear works. 

How the planetary gear works. 

What selective operation is. 

What progressive operation is. | 

How direct drive is obtained. 

How reverse is obtained. 

Why proper lubrication of the gearset is vital. 
How gears are controlled. 

What the H-plate, or gate, is. 

Why the selective control is better than the progressive. 
What troubles gearsets develop. 

How to avoid gear troubles. 

Why the high speed sometimes slips out. 
What troubles planetary gears develop. 

How to shift gears. 


When not to use high gear. 
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CHAPTER III 
THE FRONT AND REAR AXLES 


Why a Car Needs a Differential. 


When a car is running straight both rear wheels run at exactly the 
same speed. Ona turn, however, 
the outer wheel runs faster than 
the inner wheel because it has a 
greater distance to travel and 
must do it in the same time that 
the inner wheel occupies in mak- 
ing the shorter distance. So the 
differential gear is used, and this 
not only permits one wheel to 
travel.faster than the other, but 

When rounding a corner the inside wheel has penne vole Ea Glen re ee 
less space to cover than the outside wheel. The Spite the difference in speed. 
differential takes care of this. The rear axle is nance Ps ort 
parts, the division being at the center, and the differential gear con- 
nects the two parts. 








How the Differential Works. 


The action of the differential 
is not difficult to understand, if 
the underlying principles are 
grasped. 

Suppose you take a stick, tie 
a string to each end, fasten two 
weights, precisely alike, one to 
each string, and then tie a third 
string, exactly in the center of 
the stick and by the third 
string draw the weights along 





THE WHIFFLE-TREE ACTION ILLUSTRATING THE 
the top of a smooth table. DIFFERENTIAL PRINCIPLE 


As one weight is held back the other moves forward 
faster. 


There will be an equal pull on 
both ends of the stick and it 


will keep straight as you pull. Suppose, however, you hold back one 
184 
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of the weights a little. One side of the stick gets a heavier pull than 
the other and that side will lag and let one weight move faster than 
the other. This is ‘‘differential action.’’ But the movement of the 
stick is limited, and when its limit is reached the differential action 
ceases. So instead of a stick use a wheel with a grooved rim and run 
the string around it, with the 
same weights on the ends. Now 
you can draw the weights as be- 
fore, but the differential action 
ean be continued as far as the 
length of the string will permit. 
You can draw along the weights 
‘and change their speed with re- 
lation to each other, but you will = ,yorHer ILLUSTRATION OF THE DIFFER. 
always be applying power to both. BN Ota 
: F as The cord passes around a pulley. If one weight 
Now let us apply the principle is slowed down the other moves correspondingly 
to an axle. Suppose you have an isin 
axle divided in the middle and a bevel gear on each of the adjacent ends. 
Take a small bevel gear—it is called a bevel pinion—mounted loosely on 
a stud. Place the pinion so that it meshes with both the axle gears. 
Hold the pinion by the stud, so it can turn freely, and move it in a circle, 
following the circles of the gears. The pinion will make both halves of 
the axle turn at the same speed 
because, as in the case of the 
stick, the pull is applied to the 
center and the resistance at the 
circumference — corresponding 
with the ends of the stick—is 
the same on both sides. Apply 
a little friction to one of the 
axle shafts, however, and an 























‘f DIFFERENTIAL PRINCIPLE TO . 3 
See a eek GNA t extra resistance will be added 


The two ends of the shafts are connected to the to one side of the pinion and 
wheels. When the hand grasps the pinion shaft ‘ ; ; ’ 
tightly so that it cannot turn and sweeps around ina this will cause Theo turn on 
circle, we have a condition corresponding to the ‘i ‘ coe ee : 
straight-ahead drive of a car in which the differential its stud while it 1S being swung 


is not brought into action. 


around the circle, allowing one 
shaft to move faster than the other. 

This is the principle, and in fact the greater part of the mechanism 
of the differential. All you have to do to complete the gear is to use 
three or four pinions instead of one—to give greater wearing surface 
and steadiness—and, instead of holding the pinion studs in your hand, 
mount them on a ring which is so supported that it turns as the gears 
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turn. 
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PROPELLER SHAFT 
BUILDING UP A DIFFERENTIAL 
Substituting the engine propeller shaft for the main 
shaft and the large master gear as the basis for support 
of several bevel gears as shown in the preceding cut, we 
have a complete differential as used on the majority of 
automobiles. 
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On this ring place another bevel gear and drive it from a bevel 


pinion on the end of the pro- 
peller shaft. There you have 
the complete differential in 
its ordinary form. 
Differential gears have 
been made using spur gears 
—that is, gears with teeth cut 
straight across instead of at 
an angle. The principle of 
operation is precisely the 
same, though the spur gear 
arrangement is a little more 
complex. But the bevel gear 
type is in use in the very 
great majority of cases. 


Other Types. 


The ordinary differential, 
whether of the bevel or the 
spur type, has a serious draw- 


back. If one wheel is held so that it can turn only when considerable 
force is applied, and the other is left free, the latter will be driven while 


the former will remain station- 
ary. Because of the action of 
the gears the moving wheel will 
revolve twice as fast as if both 
wheels were turning in the ordi- 
nary way. So if, when driving, 
one wheel strikes a slippery spot, 
such as a sheet of iee, while the 
other has a good hold on the 
ground, the latter will, under cer- 
tain conditions, stop turning and 
the wheel on the slippery spot 
will spin—as everyone who has 


Se 











driven a car knows very well. 
This is precisely opposite to the 


PHANTOM VIEV 


y OF A SPECIAL DIFFEREN- 
TIAL 


In this device the power is applied to the wheel 
having the most traction instead of to the wheel 
that slips easily, as is the case with the ordinary 
type of differential. 


effect that is wanted. A number 
of differentials have been  in- 
vented to overcome this trouble, 
some using worm gearing, some spiral gears and others various forms 
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of friction and other locks. All have the same end in view—the 
prevention of spinning when one wheel loses traction—and_ both 
wheels are driven even when one ee ast 
has no grip on the ground. Some | gx | 
of these inventions have worked | : | 
out well and are coming into wider 
use. 

Often the ring carrying the pin- 
ions is extended to form a housing 
around the differential gears, so 
that only the driving bevel, which 
meshes with the propeller shaft THE PARTS OF THE SPECIAL DIFFERENTIAL 
Miniorearicn auteider Ehiew whole gfe ok oak ont arise, et ee 


friction, and consequent driving force, is trans- 


ania : . Seti oes mitted to the wheel which offers the greatest resist- 
mechanism, in turn, is always en- ‘dice to tumine. 


closed in an enlarged part of the 


rear axle housing. The forward part of this housing supports the bear- 
ings for the propeller shaft bevel pinion. 








Troubles of the Differential. 


Differential troubles are confined mainly to wear, which causes the 
gears to ‘growl’? when a turn is made. With good lubrication the dif- 
ferential wears a long time. It is suggested that if adjustment is re- 
quired the repairman be allowed to do it. As a rule it is a job that is 
somewhat delicate, and if not properly done the gears will wear 
rapidly. 

In some cars no provision is made for adjustment. The gearing is 
very carefully and well-made and, as the normal wear is slight, it is 
considered that it is better to keep the assembly as simple as possible 
and if the parts become worn, to replace them with new ones. Some 
of the highest grade cars have non-adjustable differentials. 

A worn differential should not be allowed to run any longer than is 
necessary, for when the gears are not meshing properly they are more 
easily broken than when they are properly meshed; and a broken dif- 
ferential gear is a very unpleasant thing indeed. 


No Differentials. 


In many racing cars no differential is used, the wheels being allowed 
to slip on the turns. The saving in weight and the greater strength 
and simplicity are considered of greater advantage than the saving on 
the tires. Low-priced light cars with narrow treads also are often 
made without differentials. The distance between the wheels being 
short, there is less difference in the relative speeds of the inner and 
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outer wheels in making turns than when the tread is wider, and the light 
weight also is a factor. 


Types of Rear Axles. 


In a general way all rear axles are alike. That is, there is always a 
divided axle with the differential and bevel gear drive and the dif- 
ferential at the center and a housing which encloses all the parts and 
gives a solid support for the bearings carrying the shafts. There are 
differences in details, however, and chief among these is the method of 
connecting the shafts to the road wheels. According to the construction 
of this part of the axle, it may be a semi-floating, a three-quarter float- 
ing or a full-floating axle. 

In the semi-floating axle the live shaft is carried straight out through 





PHANTOM VIEW OF A SEMI-FLOATING REAR AXLE 
The wheels must be removed from the axle by means of a wheel puller. The live axles are mounted 
on the inside and outside bearings and the wheels are supported on the projecting ends, 


the hub of the road wheel, to which it is keyed fast, so that the wheel 
and axle form a unit. The inner end of the shaft is usually held in 
place in its differential gear by a nut, so that to remove it the nut must 
be loosened, after which the wheel and axle can be withdrawn together. 

In the three quarter floating axle the road wheel is mounted on the 
end of the axle housing, and thus the shaft does not have to carry any 
of the weight of the car. The end of the shaft is keyed to the hub of 
the wheel to give the drive. : 

In the full-floating axle the wheel is mounted, as in the three quarter 
floating type, on the housing. Instead of the shaft being keyed to the 
hub, however, it is made with a flange or spider which has teeth inter- 
locking with teeth in the hub of the wheel. The inner end of the shaft 
is squared or splined into the hub of the differential gear. With this 
construction the axle shaft can be slipped out without the trouble of 
getting into the differential housing to loosen a nut and without remov- 
ing the wheel from its place on the housing. 

In the semi-floating and the three quarter floating types the shaft has 
a bearing in the end of the housing. In the full-floating type the shaft 
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usually has no end bearing. There is a sort of intermediate type of 
axle sometimes called ‘‘seven-eighths floating.’’ This axle carries the 
wheel on the housing and the end of the shaft runs in a bearing. In- 
stead of being keyed to the wheel hub, however, the shaft carries a 
flange which is bolted to the wheel, and the removal of the nuts permits 








CROSS-SECTION OF A SEMI-FLOATING AXLE 


The axle carries the projecting end of the shaft on which the 
bearing is mounted. The axle can only be withdrawn by loosening 
the nut of the differential. 


the shaft to be removed without moving the wheel. The inner end of 
the shaft floats in the differential, as in the case of the full-floating 
type. 

Constructional details differ considerably in different axles, and it 
will help matters to study the drawing of your axle in the instruction 
book and become familiar with its design. 
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Rear Axle Troubles. 


Rear axle troubles are mainly in bearing wear and wear of the 
clutches that connect the live shafts with the wheels. In most cases 
worn bearings must be replaced, though some are adjustable. Roller 
or ball bearings are always used, and sometimes both types are found 
in the same axle. 

In a full-floating axle the driving clutches or dogs sometimes wear 
considerably. When such wear occurs there is a shock and a blow 
every time the drive is taken up, and this greatly accelerates further 
wear. 





A FULL-FLOATING AXLE AND DIFFERENTIAL DISSEMBLED 
Hither half of a live axle may be pulled out from the housing by loosening half a dozen nuts or by 
removing the hub cap. The wheel is mounted on its own bearings, carried on the end of the differential 
housing, instead of on the projecting end of the live axle. 


Sometimes wear can be taken up by having the clutch teeth ham- 
mered out and then filing them to fit. In other cases new dogs will be 
required. 

Taking a semi-floating axle apart to replace bearings involves jack- 
ing up the axle to take the weight off the wheels. Then remove the hub 
‘aps. ‘There will be found a nut on the end of the live shaft, which 
must be removed. Then the nut on the differential end of the shaft 
must be removed. The wheel and shaft can be pulled out, and the wheel 
removed from the shaft, should this be necessary, with a wheel puller. 

Don’t attempt to knock the shaft out of the wheel with a hammer af it 
is very tight. Itis very poor policy and may do a good deal of damage. 


Use of Wheel Puller. 


A wheel puller is not part of the regular equipment of a car, but it 
is an exceedingly useful appliance. Various types are made, and any- 
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one who does much work on his own car ought to have one. The 
smaller sizes, or the larger sizes adjusted, can be used for removing 
eears such as the timing gears. For simply removing wheels there are 
pullers of the hub-cap type. This tool simply is a cap which screws on 
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CROSS SECTION OF A FULL-FLOATING AXLE 
By removing half a dozen or so bolts and unscrewing the flange and 
cap to the wheel, the entire half of the live axle may be removed, 
leaving the wheel still in place on its bearings—which are carried on 
the ends of the axle housing. 


in place of the hub-cap and has a central screw which, when tightened, 
presses against the center of the live shaft and forces the wheel off. 


Improvised Wheel Pullers. 


A wheel can readily be removed with the aid of a jack and a piece of 
rope. The jack, preferably a small one, is placed with its head against 
the end of the shaft after the hub-cap has been removed and the nut 
unscrewed from the shaft end. Pass the rope around the wheel spokes 
near the hub and over the base of the jack. It will be necessary to 
carry the rope over at least three spokes so that the jack will be sup- 
ported when pressure is put on. 

Screw up on the jack, and when there is a good pressure give the 
jack a blow or two with a hammer. If the wheel does not come, tighten 
up a little more and use the hammer again. 
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A regular puller can be made from cheap and easily obtained ma- 
terials. Get a 34-inch bolt about eight inches long with a square nut, 
and two pieces of cold-rolled steel about ten inches long, an inch and a 
half wide and quarter of an inch thick. With hacksaw and file cut two 
grooves on opposite sides of the nut making the grooves as deep as 
possible without going through to the threads, and large enough so 
that three-eighths bolts will go into them snugly. Drill the steel bars 
for the three-eighths bolts and bolt them together with the nut between, 
the bolts passing through the holes in the bar and the grooves in the 
nut. File the end of the big bolt to a rather obtuse point. The point 
is placed in the center of the shaft from which the wheel is to be pulled. 





kK— 8 in bolt 





A HOME-MADE WHEEL PULLER 


Wheels are keyed solidly to their shafts or axles and considerable pres- 

sure is required to remove them. The wheel puller described in the ac- 

companying text will do as good work as a much higher-priced one espe- 

cially made for only one type of car, 
For arms you can use bolts of any length that the job may require. 
To pull a wheel, use side bolts or arms long enough to reach back of 
the spokes and run them through iron plates resting on the backs of the 
spokes. For smaller work smaller arm bolts can be used, and instead 
of plates, washers. Oil the big bolt so that it will work easily through 
the nut. Of course such a puller can be made in any size required, and 
it is a useful and practical tool. 


Removing a Flywheel. 


The removal of a flywheel keyed to the crankshaft is not a job that 
has to be done often, and it is not worth while to have a special puller 
for the job, for a big one is necessary. The following method has 
been used with success: 
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Get a piece of hard wood about four inches square and six or eight 
inches longer than the diameter of the flywheel. Bore a one-inch hole 
through the middle and through the hole pass a one-inch bolt with the 
end filed to an obtuse point. Get a washer big enough for the bolt to 
pass through, slit it with a hacksaw and bend it so there will be two 
ears or lugs sticking up so that the square nut will rest between them. 
Bend down two other lugs in the opposite direction. Put the washer 
in place in the wood bar and tighten on the bolt till the lugs of the washer 
are forced into the wood. This is to keep the nut from turning. when 
the bolt is serewed in. Lay the bar across the face of the flywheel with 
the point of the bolt in the recess in the center of the shaft. Pass a 
chain or a stranded wire clothes-line around flywheel and bar, making 
the lashing very strong and secure and crossing the wire back of the 
wheel so it will not slip off. Be careful about the crossing, for there 
will be a heavy pull and the wire will slip if it can. Then tighten up 
on the bolt and strike it with a hammer, as in pulling a wheel, until the 
flywheel loosens. 

As before, look out for the jump when the wheel comes Ol Lie 
wheel is heavy and can do damage if you are not prepared for it. 

The same kind of a temporary affair can of course be used for pull- 
ing road wheels or anything else. For flywheel work rope is not good. 
It has too much spring and stretch. 

In axles in which the shaft is not keyed in the wheel hub the process 
will differ. In a full-floating axle it is not necessary to jack up unless 
a wheel is to be taken off. The removal of the hub cap and the driving 
clutch will allow the shaft to be pulled out. 


Bearing Replacement. 


Bearing replacement differs considerably according to the type of 
bearing and the details of axle construction. As a rule, such work 
has to be done so seldom that it is worth while to let the repairman do it. 


Axle Lubrication. 


Rear axle lubrication should be given special attention. The gears 
have heavy work to do. The bearings carry a heavy load and need the 
right lubrication to give normal wear. If the lubricant is too light it 
will not properly serve the gears and will work out of the housing. If 
too heavy it will not be properly distributed. 

Where grease cups are used the main thing is to see that they are 
kept filled with the right grease and that the grease is clean. Take 
particular care to keep the grease clean when putting it Lites, beige. 
very easy matter for dirt and dust from the axle to get into the grease 
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when filling up, and once in the axle or the bearings dirt stays there 
until the whole system is cleaned out. Always carefully clean the out- 
side of a grease cup before filling it up. 

Fort nately the care of axles is very simple. All that is necessary 
is to follow directions and use the specified lubricants at the specified 
times. If this is done conscientiously axle trouble will be a thing un- 
known, except in rare cases. 





LUBRICATION OF THE REAR AXLE 


The main driving gears and other bearings are oiled by a lubricant 
which should be carried in the differential housing. The bearings earry- 
ing the end of the axles on which the wheels are mounted may be packed 
in grease or lubricated by grease cups. 


How the Rear Axle is Driven. 


The connecting link between the gearset and the rear axle is the 
propeller shaft and its accessory parts. In some cars however, the 
gearset 1s mounted as a unit with the rear axle and the propeller shaft 
runs from the clutch on the engine to the rear axle gearset. 

Some form of flexible connection is needed because the rear axle, 
being connected to the frame of the car by springs, has vertical move- 
ment with relation to the frame. So sometimes the rear axle Isedis 
rectly in line with the gearset, sometimes it is higher and sometimes it 
is lower, according to load and road conditions. 
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The requisite flexibility is obtained by using one or more universal 
joints. 


Universals. 


The conventional form of universal joint has a cross-shaped central 
member. The ends of the shafts to be flexibly joined are forked, the 
forks being just wide enough to take in two 
diametrically opposite arms of the cross. One 
pair of fork arms is pivoted to one pair of cross 
arms and the remaining pairs are similarly 
pivoted. This joint allows the connecting 








A UNIVERSAL JOINT 


shafts to move in any direction and permits Up and down motion is pos: 
5 : : sible at the same time that this 
drive to be transmitted through an angle. joint is transmitting its rotary 


power. 


There are a great many different forms of 
universals, but, dissected, they all will be found to work practically on 
the same principle. 

The work of the universal is very severe and it has to be well made to 
stand up. It is always enclosed 
as tightly as possible in a hous- 
ing or easing that holds lubri- 
eant. 

It is of the greatest importance 
to see that there always is plenty 
of lubrication. Otherwise the 
joint will give trouble in a sur- 
prisingly short time, no matter 
how well made it is. 

A worn universal causes a 
knocking that is heard only when 
the car is running, and that oc- 
curs only at times. It is apt to 
be deceptive and often is mis- 
taken for an engine knock. Be- 





A UNIVERSAL AT THE REAR END OF THE x . s - 

GEARSET fore blaming the engine for a 

This is used to connect with the forward end of ey , 5 a 

the driving shaft. Two universals on a driving knock that occurs when running, 
shaft equalize the difference in the rotating speed, examine the universals. 


and prevent vibration. 


The universal joint has a fault 
of operation in that, when working at an angle it drives a little faster 
during one part of a revolution than another, so that there is constant 
acceleration and retardation which occurs so rapidly as to set up a 
certain amount of vibration. This is remedied to a large extent in 
many cars by the use of two joints, one at each end of the propeller 
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shaft, so set that when one joint is moving at its highest rate the other 
is moving at its slowest. 

Remember that the universal joint is one of the hardest-worked parts 
of the car. All you can do to protect it is to see that it is always well 
lubricated, that the housing is tight and to drive the car sensibly. 
Forcing the engine to labor on high gear on grades where the gears 
should be shifted is very hard on the universals. 

In most joints there are bushings where wear occurs, and these can 
be renewed when worn. Renew them when they need it. 





HOW A FABRIC UNIVERSAL IS MADE 


The layers of fabric are cemented together in different positions so 
that the “‘grain’’ will pass in all directions and produce a uniform fiber. 


Flexible Disc Universals. 


A type of universal joint that has received much attention of late 
years is the flexible disc, in which there are no bearings and no frictional 
parts whatever. This type of coupling is an old one, however, and has 
been used in machinery other than automobiles for many years. 

The shafts to be jointed are fitted with ‘‘spiders”’ having either two 
or three arms each. The spiders are bolted to dises of a special rub- 
ber-and-fabric type vulcanized together and having greater strength 
than leather, which was used in the older flexible joints. The spiders 
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are placed with the arms of one, half way between the arms of the 
other. The flexibility of the fabric dises between the arms gives the 
joint the necessary play. Several dises are used in layers, commonly 
three. 

Such a joint is absolutely noiseless and is not subject to wear in the 
ordinary sense of the word, and does not develop play. Its action is 
exceedingly smooth and satisfactory. 





STRENGTH OF THE FABRIC UNIVERSAL 


The left-hand portion of this has been twisted by the power applied to 
the right-hand portion of the transmission through the fabric universal, 
without material damage to the latter. 


Joints on the same principle have been made with steel dises instead 
of leather or fabric, but in most cases have been found less satisfactory 
that the fabric type. 

Fabric joints are unaffected by dust and dirt and need no lubrication 
or other attention. 


Propeller Shaft Arrangement. 


The arrangement of the propeller shaft depends largely upon the 
method of transmitting drive from the rear axle to the frame and body 
of the car; it must be remembered that it is the rear axle that is driven 
by the engine, and the rear axle has to take the rest of the car along 
with it. 

In what is called the Hotchkiss drive the rear axle pulls the car along 
by the springs. 

In another type of drive the propeller shaft is enclosed in a heavy 
tube of steel which is rigidly attached to, and to all intents and purposes 
is an extension of, the rear axle housing. The forward end of this 
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tube is jointed, usually at the rear end of the gearset housing, but al- 
ways exactly in line with the universal joint. Thus the push of the 
rear axle is delivered to the rear end of the gear housing. 

Sometimes a pair of rods takes the place of the tube, the rods running 





THE REAR DRIVING PINION AND MASTER GEAR 


The type here shown is of the spiral bevel shape in which the teeth are 
curved slightly. This produces an exceedingly quiet-running gear. 


from near the ends of the axle housing to a point near the universal, 
forming a triangle. The principle is the same. 


What Final Drive Is. 


Final drive is the drive from the propeller shaft to the rear axle, 
commonly through bevel gears. 

Two types of bevel gears are used, the ordinary or straight bevel and 
the worm bevel, sometimes called a spiral bevel. In the straight bevel 
the teeth are cut straight across the beveled face of the gear. In the 
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worm bevel they are cut at an angle. The advantage of the worm bevel 
is that the teeth come together gradually, contact beginning at one end 
of a pair of meshing teeth and extending progressively to the other end. 
In the straight bevel the teeth come together perfectly parallel. The 
result in the latter case is a little clash and noise, the extent of which 
depends upon the excellence of the gear-cutting and the condition of the 
teeth, while in the worm bevel operation is silent. 





REAR AXLE ADJUSTMENTS ARE IMPORTANT 


Each bearing should be set properly and the meshing gears should be so placed that there is suf- 
ficient play between them to prevent wear. A spiral bevel gear will run quietly even when it is im- 
properly adjusted. 


Adjustment is often provided for the final drive, and if the gears get 
noisy, the repairman should be called upon to adjust them. The spiral 
bevel gear produces an exceedingly quiet running rear axle, but one of 
the dangers from such a design lies in the fact that even poor adjust- 
ment will not produce the usual warning noise when the gears are run. 
In other words, bevelled gears of this type may be poorly adjusted with- 
out any indication other than that which can be obtained by close in- 
spection. 


Front Axle Construction. 


The front axle is a ‘“‘dead’’ axle, which is to say that it does not turn 
with the wheels as do the driving shafts of the rear axle. The wheels 
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always turn on short ‘‘stub’’ axles pivoted to the main axle to permit 
Steering. All that is necessary is to mount the wheels on bearings so 
that they will turn freely. 

Adjustment for the front wheel bearings is usually provided, and 





A TYPICAL FRONT AXLE AND STEERING KNUCKLE CONSTRUCTION 


The front wheel bearings should be packed in grease and the grease cup in the steering knuckle 
should be screwed down frequentiy; the tube-like projection in the spindle is to be connected with the 
speedometer shaft which, in this design, is driven by a small pinion and shaft extending through the 
front axle stud. 


the wheels should be kept adjusted. The wheel should be so free that 
the weight of the tire valve will be sufficient to move it easily, but it 
should have no shake—or at most, just a suspicion of shake. 


WHAT YOU SHOULD KNOW AFTER READING CHAPTER III, 
SECTION III 


Why a car has a differential. 

What the principle of the differential is. 
How to demonstrate the differential principle. 
How a differential is constructed. 

Why some cars have no differential. 
What fault the ordinary differential has. 
How to care for the differential. 

What a semi-floating axle is. 

What a three-quarter floating axle is. 
What a seven-eighths floating axle is. 
What a full floating axle is. 

How to care for the rear axle. 

How to make a wheel puller. 

How to use a wheel puller. 

How to care for grease cups. 

How the rear axle is driven. 

What a universal joint is. 

How to care for universal joints. 

Why a universal joint may knock. 

How propeller shafts are installed. 

How the rear axle drives the car. 

What Hotchkiss drive means. 

What final drive means. 

What types of bevel gears are used, 
What a worm bevel is. 

How the front axle is constructed. 


How axles should be lubricated. 
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CHAPTER IV 
SPRINGS 


Types of Springs. 

A large number of types and combinations of spring suspensions have 
been used in automobile construction, and in some cases exceedingly 
complex and expensive systems have been tried with the idea of mak- 
ing the car ride more easily. None of the more complex arrangements 
have survived, however. The simpler forms give excellent results and 
are very satisfactory when the design is good and the materials right. 

The most commonly-used spring is the spmi-eLurptic. Adding half 
of a semi-elliptic spring at the top makes it a THREE QUARTER ELLIPTIC. 
Two semi-elliptic springs, one above the other with their coneave faces 
in, make a FULL ELLIPTIC SPRING. A CANTILEVER Spring isa single spring, 
usually longer than a semi-elliptic, with one end shackled to the frame 
of the car, the other end attached to the rear axle housing and the 
middle pivoted to the frame. 

In some cars the springs, instead of standing parallel with the frame, 
are placed crosswise. Usually such springs are like long semi-ellipties. 
PLATFORM springs have been used, and are still seen on a few cars. 
These are crosswise springs, either connected to the body and rear 
axle, or attached to the rear ends of the regular type of semi-elliptic 
side spring. 


How Springs are Attached. 


Springs are attached to the axles by clips, or U-bolts, which pass 
through holes in a pad or perch formed integral with the axle, or 
through a bracket. In 
the case of a semi-ellip- 
tic spring at the rear of 
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song Pe ere frame, while the other 


A leaf spring is composed of a series of blades. They should be end is connected with a 


clamped tightly together to prevents breakage and to hold them . . 
securely in place on the axle, similar br acke t and 
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TYPES OF SPRINGS IN COMMON USE 
Reading from top to bottom: one-half elliptic; three- 
quarter; elliptic; seven-eighths elliptic; full-elliptic; plat- 
form; cantilever; cross; double-cross. 
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stud through a short link called a shackle. The fixed stud at one end 
is necessary where Hotchkiss drive—drive through the springs—is 
used, though where the rear springs do not have to transmit any of 
the drive they may be, and sometimes are, shackled at both ends. Front 
springs are shackled at one end only because they have to hold the 
front axle in position, which they could not do if shackled at both 
ends. 


Underslinging and Overslinging. 

In most cars the springs lie on top of the axle. Where it is desired 
to reduce height as much as possible the springs are sometimes hung 
under the axle, which is called underslinging. The fastenings must be 
made heavier in this case because they have much more to do than 
simply hold the springs in position. 


Holding the Leaves Together. 


The time-honored way of holding spring leaves together is to drill 
a hole in the center and pass a bolt through, and this is still done in some 
cases. But because of frequent breakage due to the weakening effect 
of the bolt hole, various plans have been devised for holding the leaves 
together without it. In some springs the leaves are ‘humped’? in 
the middle, the humps fitting together and preventing displacement. 
In others depressions are formed in each leaf, the other side of the 
leaf being pressed out to form a sort of lump. The depressions and 
lumps of the different leaves fit together so that the leaves cannot get 
out of place. 


Importance of Spring Clips. 


When the springs of a car rebound after having been compressed, as 
in passing over a bump in the road, the car may be thrown go high 
that there will be a pulling apart of the leaves if means 
are not taken to prevent it. This is a likely cause of 
A sPRING crip breakage, because the leaves in such a case do not re- 
CR eee enforce each other; practically the whole of the strain 
leaves on the re comes on the long or master leaf. So it is usual to 
put clips on the springs, which are simply small bands 
bolted around the bundle of leaves so they cannot spread apart and will 
all help in resisting the strain of a violent rebound. 


Spring Eye Construction. 


The eye of a spring is the hole through which the bolt passes. From 
simply turning a loop in the end of the longest leaf and running a bolt 
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through it, spring makers have come to a much more refined and prac- 
tical construction. The end of the spring is fitted with bushings, 
usually of bronze, and the bolts are of hardened steel, ground to an 
accurate finish to fit the eye, and 

grease cups or other means of lu- 

brication are provided. Much in- j ; 
genuity has been displayed in O 
working out self-lubricating spring 

bolts. Bushings can be removed 

when worn and replaced with new 





ones, and this is of no little impor- Gne 

tance, as when looseness occurs in i 

the spring eyes and bolts there is 

a good deal of rattling, to say 

nothing of the additionally rapid 

wear which always occurs when 

there is play in moving parts. SS 
O~ 


Care of Springs. 


It is a real mistake to think that 
springs can get along without care. 
They are subject to a great deal of 
strain and have heavy work to do. 
And not only is there constant mo- 





; Me - TYPES OF SPRING HANGERS 
tion and friction at tne eyes, but In the Hotchkiss drive in which there is no 


other positive connection between the axle and 


there is constant motion and fric- frame, one end of the connection must be at- 


tion between the leaves which slide tached directly to the frame without any linkage. 
’ 


one upon the other every time the spring moves. Dust gets in easily, 
and so does water. 

For the eye-bolts, use whatever means of lubrication may be pro- 
vided just as conscientiously as 
you use any other means of lubri- 
eation on the car. They are 


ee easily attended to and there is no 
LLL excuse for neglecting them 
WANS Sao ae 5 5 ' 

\ = LL ckease cup ‘There should always be lubri- 


HOW THE SPRING BOLTS ARE LUBRICATED gant between the leaves. The 


Be sure the channel through which the grease or a A 
oil is forced is free. A clogged passage will pro- simplest Way to lubricate the 
duce a squeaking and badly worn bearing. 5 . : 
spring leaves is to use a spring 
spreader to force the leaves a little way apart, and then introduce the 
lubricant. There are many good spreaders on the market, and some 
of them are so designed that they carry the lubricant into the spring. 











SEC IE BUSHING 


Ke ee, 







KZ 


me 






206 EVERYMAN’S GUIDE TO MOTOR EFFICIENCY 


About the best form of lubricant for spring leaves is a graphite grease. 
There are several special graphite lubricants put up for this purpose, 
and they are very satisfactory. Graphite and oil mixed to a pasty 
consistency is very good, however, and in the absence of graphite ordi- 
nary engine oil will keep the springs lubricated for some time. One 
of the advantages of good lubrication is that water and dust are pre- 
vented from entering between the leaves. Water causes rust and harsh 
action, and springs that are rusty are always harder riding than springs 





A TYPICAL REAR SPRING SUSPENSION 


These springs are of the semi-elliptie type and as they flatten the 
hanger at the end moves backward to allow for the straightening of the 
upper leaves of the spring. 
that are clean and well oiled so that there is a minimum of sliding 
friction. 

The spring leaves can be more easily separated if the car is jacked 
up from the frame. <A jack placed under the axle serves only to com- 
press the spring leaves the more. If the lifting power is placed under 
the sill of the frame however, the tension of the leaves will carry the 
weight of the axle and wheels, which in itself, is sufficient to separate 
the leaves so that a thin-bladed knife, or a special grease gun may be 
employed. 


Why Springs Break. 


A good spring, kept in good condition, well lubricated and well 
tightened in place, will rarely break. If, however, the U-bolts are 
allowed to loosen up, breakage is very likely to occur. It is rather 
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difficult to provide locks that will permanently prevent the loosening 
of these nuts because of the heavy strains and the constant movement. 
Therefore the nuts should be gone over with a wrench every 1,500 or 
2,000 miles, and if there is any slack it should be taken up. See that 
the lock-nuts are well screwed down. 


WHAT YOU SHOULD KNOW AFTER READING CHAPTER IV, 
SECTION III 


What different kinds of springs are used. 
How they are attached. 

What under-slung and over-slung means. 
How the leaves are held together, | ‘ 
How springs are prevented from breaking. 
How the spring eye is lubricated. 

Why care is necessary. 

How to lubricate the spring leaves. 

How to jack up the car to lubricate the leaves. 
Why springs break. 

Why the spring clips should be kept tight. 
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CHAPTER V 
THE WHEELS 
Types of Wheels. 


Wood, wire and dise wheels are used in automobile service, and all 
give satisfaction. So far the wood wheel is greatly in the majority, 
though there is considerable evidence of growth of the use of metal 
wheels. Wood wheels are built on the principle of the type of wheel 
used in artillery service, and therefore are known as of the artillery 
type. Wire wheels are now very different from their prototypes, 
which were simply enlarged bicycle wheels. A variety of systems of 
spoke arrangement have been introduced. Disc wheels, as the name 
implies, are wheels with steel discs in place of spokes. In some cases 
light steel discs are applied outside the spokes of wood wheels to give 
the appearance of disc wheels. These, however, are dise wheels only 
in looks. 


How to Care for Wood Wheels. 


Wood wheels will stand a tremendous amount of hard work with very 
little care. In dry weather the shrinkage of the wood is likely to cause 
a little looseness, which causes the wheels to creak more or less. This 
is readily cured by the application of water. A car that is washed at 
reasonably frequent intervals rarely has creaking wheels. Wheels that 
are very old or very much dried out can be made tight by removing the 
metal hubs and driving wood wedges between the ends of the spokes. 
In doing this do not taper the wedges, but make them of the same 
thickness from end to end, just tapering one end enough to make it 
enter easily. Coat the wedge with glue before driving it. 

Replacing broken spokes is a job for the skilled wheelwright only. 
It involves a good deal of trouble and not infrequently the new spokes 
must be shaped altogether by hand. In wheel manufacture all the 
shaping is done by machinery. 


Truing Wire Wheels. 


Barring accidental damage, wire wheels are not likely to develop 
any trouble other than possible getting out of true. If a wheel is out 


it can be trued up without much trouble. Remove the tire and rnn. 
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Spin the wheel on its bearing and hold a piece of chalk so that it will 
mark the place where the wheel wavers. Slightly loosen the spokes 
on the side where the mark appears and tighten the spokes on the 
opposite side. The spokes where the rim is most out must be turned 
the most and the others less and less, so that no change will be made in 
the part of the rim that is in shape. . 

Watch carefully for signs of rust, and do not let it spread. Wire 
wheels are usually so well enameled that they are well protected. 

One of the advantages of the wire wheel is that it is made demount- 
able, so that a whole wheel, tire and all, can be changed in less time than 
it takes to change a tire. 

Do not allow wheels to run out of true. It causes extra wear on the 
tire at the poit where the wheel is out. 


Lining Up Front Wheels. 


When the front wheels are pointing straight ahead they should be 
exactly the same distance apart at the front as they are at the back, 
measuring at the tire at the height of the center of the hub. 

In some cars the front wheels are purposely placed a little closer 
together at the front than at the back, the idea being to compensate 
for the tendency of the wheels to spread apart when running. The 
difference is from a quarter to three-eighths of an inch. If the wheels 
were originally set this way, leave them ‘‘gathered.’’ 

There are two ways of establishing measuring points. One is to 
hold a sharp point against the center of the tire as the wheel spins 
and make a light mark all around, taking great care that the point 
does not shift while this is being done. If the tire has an uneven sur- 
face it will not matter, because the scratch on the high spots will do. 
The other is to measure between the edges of the rims. The former is 
the most accurate because the rims may be a little out of true. 

Do not try to measure with a string because the stretch will throw 
you all out. Use a wood trammel, which is a bar with a stationary arm 
at one end and an adjustable arm at the other. The stationary arm is 
simply a piece of wood four or five inches long nailed or screwed to 
the bar at right angles and cut to a point. Make the movable arm in 
the same way, but put it in place with a single screw so that it can swing 
stiffly. Attach it as nearly as possible at the right point, and it will 
only be necessary to shift it a very little. The distance between the 
points will be about 56 inches, measuring to the centers of the tires. 

Be very careful to do your measuring at the hub center line. In 
many cars the front wheels are closer together at the bottom than at 
the top, so that the measurements would be misleading if not made at 
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the proper height. It may be mentioned that the ‘‘toe-in’’ or drawing 
in of the bottoms of the wheels is done to make steering easier. The 
wheels are so slanted that the center of the tire, where it rests on the 
ground, is exactly under the center of the steering pivot. The result is 
that the wheel does not tend to pull out of a straight line. 

If you find that the wheels are not parallel, adjustment can in most 
cases be made by lengthening or shortening the tie-bar between the 
steering knuckles. Shorten the bar to draw the wheels together at 
the back and lengthen the bar to draw them together at the front. 

Be sure the wheels are pointing straight ahead. If they are not you 
will be away out, for the wheels are not, and should not be, parallel 
when turned. This is because the inner wheel, in making a turn, de- 
scribes a smaller are than the outer wheel, and so must be turned at a 
greater angle. The steering gear is arranged to take care of this. 

There are two very good reasons why the wheels should be in perfect 
adjustment. One is that the steering is affected if they are out, and 
the other is that there is severe wear on the tires because of the scrap- 
ing action. This may result in amazingly poor tire service, and the 
tire people know it very: well from experience. So don’t blame your 
front tires for wearing out too fast unless you are sure the wheels are 
lined up. 


WHAT YOU SHOULD KNOW AFTER READING CHAPTER V, 
SECTION II] 


What types of wheels are used. 

How to care for wood wheels. 

How to stop the creaking of wood wheels. 
How to true up wire wheels. 

How to line up front wheels. 

Why front wheels should run true. 


Why front wheels ‘‘toe in.”’ 
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CHAPTER VI 
THE BRAKES 
Why Brakes are Vital. 


To appreciate the importance of the brakes it is only necessary to 
imagine driving at good speed and suddenly be deprived of the brakes 
when a stop is necessary. Without brakes the car is helpless when it 
comes to control, and the combination of weight and speed is such that 
the brakes are called upon to do service so severe that the average user 
has little idea uf what it amounts to. Brakes are necessarily well and 
strongly made. They are subject to much wear, however, and it is abso- 











EXTERNAL BRAKE-BAND 


The lining is riveted to this flexible steel strip. The levers operated by 
a pedal contract this band so that it grasps the outside of the brake-drum 
tightly. 


lutely necessary that they should receive, not merely casual attention, 
but close and careful attention, to keep them in first class condition. 
The tremendous strains to which they are subjected makes it imperative 
that nothing should be wrong, that there should be no small imperfec- 
tion that might lead to disaster at a critical moment. 


To get a feeble sort of idea of the work of the brakes, try to stop 
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even a light car by opposing your weight and strength to it when roll- 
ing very slowly down a slight grade. Then think of the comparatively 
small dimensions of the brake parts and the enormous pressure they 
must withstand in creating the friction necessary.. A fairly heavy car 
moving at only a fair speed will knock down a telegraph pole or a 
heavy iron lamp post. 

The force required to knock down the pole must all be absorbed by the 





INTERNAL BRAKE-BAND 


This is usually operated by the emergency lever. The brake 
lining is riveted to the outside of the flexible steel strip, thus the 
cam or other action spreads the band so that contact is made 


with all parts of the inside of the brake band, : 


brakes in bringing the car to a stop, and good brakes will stop a car ina 
very short distance. 

Perhaps you may gain a still better idea of the tremendous strain on 
the brakes when you realize that, to bring a ear to a stop on a level road- 
way from, say, a speed of 25 miles an hour within 150 feet, the brakes 
absorb as much power in the form of heat as would be required to ac- 
celerate the same car from a standstill to 25 miles an hour in that same 
distance; and we know that a car which will reach a speed of 25 miles 
an hour in 150 feet is one that delivers tremendous power. Think of 
this when you are inclined to neglect your brakes. 

See that your brakes are always in proper condition to do their hard 
work. They will not fail you if you do your part, and their condition 
may mean the difference between life and death. 
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Forms of Brakes. 


The commonest form of brake is a band, lined with friction material 
of some sort, surrounding a drum upon which it is tightened by the 
brake-actuating mechanism. Or the band may be placed inside the 
drum, covered on the face next to the drum with friction material and 
expanded to cause friction. 

There are always two sets of brakes, one for ordinary service, called 
the service brakes, and the other for emergency use, called the emer- 
gency brakes. Sometimes both brakes are mounted on the outside of 





THE BRAKE ASSEMBLY 


The space between the external and internal brake-bands accommo- 
deies the brake drum which is securely attached to the wheels. When 
both brakes are applied the drum is gripped firmly by the friction sur- 
faces both inside and out. 


the same drum, side by side; sometimes both are mounted inside the 
same drum, and sometimes one is inside and the other outside, the 
latter being perhaps the most common method and one that has the 
advantage of being effective without occupying much space. When 
this arrangement is used the internal brake is usually the emergency 
brake. The service brake is operated by a pedal and the emergency 
brake by a lever beside the gearshift lever, in the conventional system. 
The emergency brake may then be used for holding the car on a grade. 
or for locking it at the curb. 

Occasionally a brake is placed on the final shaft of the gearset, just 
back of the gearset housing. This, however, is rather rare. It is 


called a transmission brake. 
The brakes are applied by some form of joint by which the ends of 
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the band are drawn together to tighten the band on the drum. The 
drum, nearly always of pressed steel, is attached to the rear wheel 
hub or to the spokes of the wheel itself. There is a great variety of 
operating mechanism for drawing together the band ends—or for 
spreading them apart, in the case of an expanding brake. In the ma- 
jority of eases a set of levers is used, but in many cars there are 
‘ams operated by levers. In all cases the arrangement is simple and 
readily understood if it is watched while being moved. 





THE LOCATION OF THE TRANSMISSION BRAKE 


This is generally placed at the rear of the gearset. The braking effect 
is considerably increased because of the application of this force on the 
geared-up shaft. ‘ 

There is one car on the market in which the brakes are of a totally 
different type, being made like multiple dise clutches and enclosed in 
the rear axle housing. These brakes are very smooth and easy in 
action, and at the same time give a powerful grip when pressure is 
applied. 


What Shoe Brakes Are. 


Instead of flexible bands some brakes are made with solid shoes. 
Usually these are of the internal type. Sometimes they are faced with 
brake lining and sometimes they are not. Where no lining is used 
wear is taken up in the adjustment as far as possible, and then the old 
shoes are discarded and new ones installed. 

Sometimes adjustment is not provided, in which case wear can be 
taken up by inserting thin steel liners at the points where the cams, 
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which are used to spread the shoes apart, push on the ends of the shoes. 
If new shoes are not readily obtainable further service can be got from 
the old ones by riveting on the friction surface a thin strip of brass 
to bring the shoe to its original diameter. The shoe is in two parts, 
hinged at the side opposite the opening. Shoe brakes are much less 
common than the band type. 





THE TOGGLE JOINT ACTION 


When the short links are moved to force the toggle joint into a 
straight line a powerful leverage is produced which applies the internal 
brake with exceptional efficiency. 


How Brakes are Adjusted. 


When all the conditions are considered it is rather remarkable that 
brakes will wear as long as they do without adjustment, and a great 
deal of credit is due the manufacturers of brake lining for the work 
they have done in perfecting this part of the car’s equipment. A great 
deal of heat is generated by the friction, 
and the lining has to stand this as well 
as the wearing tendency. 

In some brakes wear of the lining is 
compensated for by adjustments on the , .. nuckle or a threaded. clevis is 
band-actuating mechanism itself. In peste Content pecs the brake rod 
others all the adjusting is done by 
shortening the rods leading from the operating pedal or lever 
to the mechanism at the band. In the latter case there is usually a 
turnbuckle on the rod, and it is only necessary to turn this to make the 
adjustment. Sometimes there is no turnbuckle, but in such a case it 
will be found that the end of the rod is fitted with a clevis or eye which 




















BRAKE ADJUSTMENT 
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is serewed on the rod. By removing the pin the clevis can be serewed 
up on the rod, effecting the adjustment in the same way as with a turn- 
buckle. 

The important thing in adjusting a brake is to get it set so that it 
‘an be applied by only a short movement of the pedal or lever, and 
yet to have the band entirely clear’ of the drum when the brake is off. 
[It is important that the brake should not drag on the drum, for it 
causes a very noticeable retardation, wastes power and wears the lining 
fast. A dragging brake is readily detected by the heat it generates. 
If you suspect a brake is dragging, let the car come to a stop after 
a run without using the brakes, and then feel the drums. If they are 
hot loosen them up a little. 


Equalizing the Brakes. 


It is very important that both brakes should work with equal force. 
Otherwise you will not get the full effect, and the danger of skidding 
will be greatly increased. It also has a tendency to wear one tire 
abnormally, for one brake may lock the wheel so it cannot turn, dragging 
the tire along the road, while the other wheel turns. 

To equalize the brakes, jack up the rear wheels so that both are clear 
of the ground, and adjust them independently until you can move the 
rear wheels with equal force when the brake is shghtly set. Try mov- 
ing the wheels with the brake set variously. Perhaps as good a test 
as any is to set the brake so that you can just move one wheel by 
exerting all your strength, and then set the opposite brake to the 
same standard. 

In many cars there are automatic equalizers so that any slight dif- 
ference is taken care of. If there is a very great difference in adjust- 
ment, however, there may be faulty action despite the equalizers. The 
service brakes are usually the ones automatically equalized. 


Curing Brake Troubles. 

Brakes very often squeak disagreeably when applied, and this can 
usually be cured. Put two or three drops—not more—of oil on the 
drums, spreading it, if possible, with the fingers. Do this about once 
a week. Watch the brakes carefully to note the effect. If there seems 
a tendency to slip and hold weakly, use less oil next time. Apply the 
brakes as soon as possible after putting on the oil to note the effect. 
On a small car use less oil—perhaps only a drop. Care must be used, 
for only a suspicion of oil is needed. This is a plan that has been used 


with a good deal of success. 
If the brakes slip when they are properly adjusted, see if oil is 
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getting to them from the rear axle. ‘If it is, find the leak and stop. it. 
Wash the brakes with gasoline to get rid of the surplus oil. 

Oil will occasionally leak out from the rear axle housing onto one or 
both of the brake-bands. Felt washers are placed around the live 
axles in most cars to prevent this leakage, and in ease the difficulty 
cannot be remedied otherwise, these washers will need to be renewed. 
It is usually the right hand wheel which suffers in this respect because 
of the crown of our country roads, and the American rule of the road 
which requires all vehicles to keep to the right. 

Keep all the joints in the brake mechanism well lubricated, for they 
get a good deal of wear and need care. If there are grease cups, see 
that they are properly filled, taking all precautions to exclude dirt. 
Turn down the cups as often as the instruction book directs. 


Relining Brake Bands. 


Relining the brake bands is a job that is not hard to do, though it is 
often a good deal of bother because of the trouble involved in taking 
down the assemblies. 

The first requisite is to get the right lining—the same lining as used 
originally is usually the best. If it is known positively that the original 
lining was not the best, it will pay to provide a better quality. Brake 
lining is not cheap, but it is worth what has to be paid for it, if it is 
good stuff. Cheap lining is not worth 
while. Be particular to get the right 
width and thickness; the latter is im- 
portant because there is not a great 
deal of latitude in the clearance between 
the band and the drum. Brake lining 
dealers will tell you the proper width 
and thickness used on your make and 
model of ear. 

The brakes themselves give warning 
as to when they should be relined. 
They will gradually fall off in holding 
power, despite adjustment. Do not wait  RELINING THE EXTERNAL BRAKE 
(Comoe aie ou let theuptakes ro uimtili (ace en ae wads hi een Sonu 
Pieulacteonemeitio lastegaspamay occur 1s ‘0? compression of Mo teing, which 
just a minute too soon. 

Cut off the heads of the old rivets with a hammer and chisel—the 
chisel should be sharp—and cut the new lining to the same length as the 
old. Use the same kind of rivets as in the old job. Under no cireum- 
stances use anything but brass or copper rivets. 
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Holes for the rivets must be drilled in the new lining, and for this 
purpose it is advisable to use a special type of drill and countersink 
made for the purpose. It is difficult to make a good job of counter- 
sinking with the ordinary countersink, as the tool does not cut cleanly 
enough and does not make a recess of 
the best shape. The special tool is not 
by any means expensive. 

Drill and countersink the lining for 
the two rivets at each end and put the 
rivets in. Hold the lining in place, fit- 
ting snugly in the curve of the band, with 
a clamp, and drill and countersink the 
next two holes and put in the rivets, 
and so on, all the way round. This 

COMPRESSING THE LINING method makes it easier to get a good fit 
Fra eee se, Oe eae than any other that is easily used. Take 
nine (as tevaedl tpedinet nal paar tema great care not to get the lining humped 

between the rivets, and, on the other 
hand, not to stretch it too tight, or it will not he close to the 
band and there will be a high spot that will drag until it wears down 
or the material is stretched by use. A good backing for the rivets 
when heading them over is a bar of iron or steel held vertically in a 
heavy vise. In any case use something 
as backing that will reach into the curve 
of the band and will not knock the band 
out of shape. 

External facings are more easily ap- 
plied, but the principles are the same. 

When the relined brakes are in place 
adjust them as closely as possible. The 
first wear will be rather rapid until the 
material gets down to a good working 
surface. 

The brake linings in common use are 

The lining should be cut 34 of an inch 
made of asbestos and brass or copper shorter than the band, and riveted at 
wire woven together. A cheaper lining °" ‘? °Pose comers 
is made of cotton, but it is inadvisable to use this except for very light 
service. 
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RELINING THE INTERNAL BRAKE 


Suggestions on Using the Brakes. 


Use the brakes as little as possible. . If it is necessary to slow down 
or come to a stop, let the car lose speed by itself and use the brake 
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gently to fish the job. This not only saves the brakes, but it saves 
fuel, for all the power that is put into the ear, all the motion, is put into 
it at the expense of so much fuel, and it is a waste to run until the 
last minute and then use up the stored power by jamming on the brakes. 
Besides this, it is much more comfortable 
to ride in a ear that is brought to a grad- 
ual, easy stop than one in which every 
stop is more or less of a shock and jerk. 
The tires, too, come in on this matter, 
for they have to supply the holding power 
on the road, and the more they are called 
upon to do the faster they will wear out. Seat tae TREE 
Applying the brakes suddenly on a LINING 
slippery road is a very prolific cause of mie eed Maca tv etemelthaabent ons) 
skidding, and it should be avoided. Dae cote i og ee 
Do not think that the maximum braking power is obtained by lock- 
ing the wheels so that they slide on the road. This is not the case, 
though the contrary belief is common. The greatest retarding effect 
is obtained when the brakes are on as hard as they will go without 
locking the wheels. Sliding the wheels is terrible punishment on a 
dry road, and goes a long way toward bringing the tire to a finish, for 
it. starts a weak spot that may grow and develop. 





Braking with the Engine. 


The engine can be used as a brake, and is very effective under proper 
conditions. Without disengaging the clutch, close the throttle and 
retard the spark, and the engine, instead of pulling the car, will offer 
resistance and slow it down. Of course if the car is running very slowly 
you will get no braking effect in this way. : 

Tn coasting down long steep hills shift into a lower gear, leaving the 
clutch in. Let the car run down driving the engine. This saves the 

brakes and gives perfect control of the car. Long hills are exceed- 
ingly hard on the brakes. If they are used, apply emergency and 
service brakes alternately. 

If the engine gives too much braking power, open the throttle a 
little, and it will be found that speed can be regulated in this way. 
Of course some gasoline is wasted, but it is wasted in a good cause, 
so to speak, and it is worth while, under the circumstances. 

Don’t throw the engine in as a brake suddenly on a steep hill, or it 
may give you too sudden a pull-up. A good deal depends upon the 
car in this matter, but a little experimenting will show the best way 


to handle it. 


WHAT YOU SHOULD KNOW AFTER READING CHAPTER VI, 
SECTION III 


Why brakes are vital. 
Why the brake service is severe. 
What kinds of brakes are used. 

How brakes are adjusted. 

Why brakes are equalized. 

How to adjust the equalizers. 

How to eure a slipping brake. 

How to stop a squeaking brake. 
How to reline brake bands. 

Why good lining is important. 

What tool to use for drilling and countersinking the lining, 
How to adjust relined brakes. 
Suggestions on using the brakes. 
How bad braking wears the tires. 


How to use the engine as a brake. 


SECTION IV. THE STEERING GEAR 
What the Steering Gear Includes. 


The steering gear consists of the hand wheel, the post to which the 
wheel is fixed, some form of gearing at the foot of the column to trans- 
mit and reduce motion, the drag-link connecting the gearing with the 
knuckles and a tie-bar connecting the two knuckles so they move at 
the same time. 








AYA a: D 

«a VITAL PORWLLUN US THE STEERING Ghat 

‘Phe wheel shown in section is mouxted on a spindle which is turned by. the steering wheel. Thea 
sorizontal rod in the front connects the two road wheels so that they will turn in unison, 


With the exception of the gearing at the foot of the steering wheel 
post there is little difference in the steering gear of cars except in 
matters of detail. 


Types of Gearing. 


The most popular type of gearing is the worm and sector, or wor 
and gear. There is a worm—s short screw of large diametcr and 
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sharp pitch—on the post near the foot, and this meshes with a sector 
—section of a gear—or with a complete gear so that when the wheel, 
post and worm are turned the gear or sector, as the case may be, will 
be given part of a turn. An arm is attached to the sector or gear and 
the arm carries one end of the drag-link. 


Adjusting Worm Gearing. 


When a sector is used it is often mounted in eccentric bushings 
which, when slightly turned, bring the teeth of the sector into closer 
mesh with the worm and so take up wear. 
A more satisfactory method of adjustment is found in the 
gears where a full gear is used instead of a sector. When 
wear occurs the gear is given quarter of a turn from 

its original position, which brings a new and unworn 













THE WORM section into contact with the worm. ‘The worm is 
AND SECTOR ‘ 

STEERING of hardened steel, and so wears but little. The 
GEAR 


range of movement is such that not more 

than quarter of a gear is used at a time, so 

that three adjustments can be made after the 
original section has been worn. 
This matter of taking up wear is important, for 
when wear occurs it allows play or back-lash, so 
that the hand wheel can turn more or less, aceord- 
ing to the amount of wear, without turning the wheels, which tends to 
make the steering uncertain. 

Another type of gear has a large nut running on a thread on the 
steering post. The nut is held, so that it THE WORM AND WHEEL 

OBO . TYPE OF STEERING 
cannot turn, by sliding keys or by having a GEAR 
flat side, or flat sides, fitting against corre- Oy eye ce 
sponding flats on the inside of the casing in ponag Rare tc 
which the whole gear is enclosed. Thus the to bring the 
nut is given a vertical motion when the hand  unusea portions 
wheel ig turned, On the outside of the mnts a...) wa 
there is a row of teeth forming a rack, and [thos tamen we 
these teeth mesh with the teeth of a sector, 
the action of which is precisely the same as that of the 
sector used in the worm arrangement. 

In adjusting a worm gear it must be remembered 
that most of the wear occurs at the point where the 
parts come together when the road wheels point 
straight ahead. If adjustment is made so that there 
will be no back-lash at this point the gear will be too 


Teeth are 
cut | in the 
sector only 
throughout the 
distance repre- 
senting the 
motion neces- 
sary for turn- 
ing the wheel 
from one ex- 
treme to the 
other. 
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tight when moved far to the right or left. So the adjustment is best 
made with the road wheels well to one side. The result must be a 
compromise between too much tightness and not enough. Beware of 
too much tightness when the wheels are swung over, or you may find 
that the gear will stick when ‘‘cramped’”’ 
and perhaps get you into an awkward pre- 
dicament. 

There are naturally many variations in the 
details of steering gears, without much differ- 
ence, however, in general principles. One kind, 
for instanee, has two nuts, one of which moves up 
and the other down when the wheel is turned. 
And there are various others. It is a good thing 
to know your steering gear as well as you know 
any other part of the ear, which will help you a 
great deal in taking intelligent care of it and locat- 
ing trouble if trouble occurs. With the proverbial 
ounce of prevention, however, you need not expect 
much bother. 


THE WORM AND NUT TYPE 

OF STEERING GEAR 

The nut entirely surrounds 
the threads at the bottom 

of the steering post and 

moves up and down as 








Reversible and Irreversible Gears. 


If a steering gear is so constructed that the hand wheel can be moved 
by force applied to the road wheels, the gear is called a reversible gear. 
If the hand wheel cannot be so moved, it is an irreversible gear. 

With a reversible gear road shocks and vibration are transmitted to 
the driver’s hands, and this is very tiring. In fact, in anything 
but a very light car it is so fatiguing that it is out of the 
question. There is a drawback that is even more serious, 
and that is that the wheel may be jerked out of the 
driver’s grasp under certain road conditions, so that 
trouble may occur. 

Nearly all cars, therefore are fitted with 
irreversible gears, such as those described. 
Taking the screw and nut type as an ex- 
ample, the point is readily illustrated. The 
principle is simply that of a nut on a bolt. 
You can make the nut move up and down 
O by turning the bolt—which corresponds to 
the steering post—but you cannot turn the bolt by pushing the nut up 
and down. The principle is the same in the case of the worm and gear 
or worm and sector construction, except that the threads are outside 
‘nstead of inside, and are very much coarser. 











THE GEAR AND 
PINION TYPE 
OF STEERING 
GEAR 
This is the sim- 

plest type and con- 
sists of a bevel 
gear reduction from 
post to steering 
arm. 
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Some light cars have a steering mechanism consisting simply of a 
small bevel pinion on the steering post meshing with a bevel sector 
carrying the arm connecting with the drag-link. This is a reversible 
gear, and so is the type in which the pinion on the post operates a 
straight rack. 


Why Gearing is Used. 


It might seem that the simplest and easiest way to construct a steer- 
ing gear would be to merely attach an arm to the foot of the steering 
post and attach this arm to the drag link without the interposition of 
gearing of any kind. The first and obvious objection would be that 
such an arrangement would be reversible. There is another, however. 
A very slight movement of the steering wheel would give a wide sweep 
to the road wheels. In other words, the action would be too quick and 
the steering altogether too sensitive. Further, the driver would have 
very little leverage. So the gearing, whatever it may be, is introduced 
to ‘‘gear down,’’ the result being that a considerable amount of steering 
wheel movement is required to produce a small movement of the road 
wheels. It usually requires about one and a half turns of the hand 
wheel to turn the road wheels from one side to the other as far as they 
will go. This has been found about the most satisfactory ratio in 
practice. 


Steering Gear Bearings. 


Steering gears are necessarily well supported in bearings, and this 
is important because of the constant movement and the considerable 
strain. There is a good deal of end thrust—force applied endwise to 
the steering post—and this is taken, usually, by ball thrust bearings. 
If the bearings are not adequate not only will wear oceur rapidly, but 
the gear will work hard. 

If the thrust bearings wear there will be up and down play in the 
steering post, and this will result in back-lash. Therefore there usually 
is an adjustment so that end play can be taken up. In a worm and 
gear or worm and sector steering gear there usually is an adjusting 
nut for the thrust bearings at the top of the gear housing. <A clamp- 
ing screw holds the nut in place. To adjust, loosen the clamping screw 
and turn the nut—usually to the right—until there is Just a suspicion 
of end play—just enough to make sure that there is no crushing pres- 
sure on the bearings. Ball bearings, which are often used, will be dam- 
aged by too tight an adjustment here, though they will still roll fairly 
easily and the gear will seem to work well for the time being. 


THE STEERING GEAR 227 


Steering Gear Lubrication. 

Steering gear lubrication is extremely important for the same reason 
that good bearings are important. As a rule the gearing is enclosed in 
a tight housing, which is packed with grease or a graphite compound. 
This lasts a long time, but has a tendency to dry and gum up or thicken, 
and should be cae oceasionally with a little lubricating oul. 7 This is 
the part of the system that is most subject to wear, and the part in 
which the effects of wear are most apparent and undesirable. 

Adequate means for lubrication are always provided, and instruction 
books give detailed information on the subject. A good steering gear 
that gets proper attention will give very satisfactory service, but even 
the best of gears will suffer from neglect, and will make the driver 


suffer, too. 


Care of the Steering Gear. 

It is obvious that derangements of the steering gear may easily lead 
to serious accidents. It is prudent, therefore, to say the least, to in- 
spect the system frequently and carefully. See that all nuts and other 
fastenings are tight and that all cotter pins and other locks are in place. 
You can’t tell whether a nut is tight or loose by looking at it. Puta 
wrench on it. 

In making an adjustment where there is a considerable range, as in 
gears where adjustment is made by moving teeth closer into mesh, 
take care that the adjustment is 
not too tight, or undue wear and 
hard steering will result. Make 
the gear as tight as possible with- 
out causing it to bind in the 
least and, on the other hand, 
without leaving any more back- 
lash than can be avoided. Some- 
times a trifle of back-lash is un- 





























avoidable. | : 
A BALL AND SOCKET JOINT 

The arm connecting the gear _ mnis is placed at either end of the rod connecting 
mith the drag-link usually has a fiey"aue co ouch soods and yet ramets o. positive 
ball on the end fitting in a socket ™°™ 
in the end of the drag-link, forming the familiar ball-and-socket joint, 
which permits movement in any direction and prevents binding. See 
that this joint is properly adjusted and, particularly, that it is well 
lubricated. A leather ‘‘boot’’ is generally laced around this to help 


keep in the lubricant and prevent the entrance of dirt. 
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Control Lever Arrangement. 


The spark and throttle levers usually are mounted on the steering 
wheel, and form a unit with the steering system. Movement of the 
levers is transmitted through tubes running inside the column support- 
ing the steering post. Sometimes through inadequate lubrication, 
these tubes become rusted or gummed with old oil or grease, when they 
may stick more or less. Apply preventative measures by seeing that 
they are oiled, if provision is made for the purpose or if there is any 
way of introducing oil. If rust and sticking occur, it is best to dis- 
mantle the column, take out the tubes, clean them and smooth them with 
emery cloth and coat them liberally with thin graphite grease when 
putting them back. In many cases the sector carrying the levers is 
mounted on a tube carried to an anchorage plate at the foot of the 
column, and this tube, which usually is outside of the lever tubes, also 
may rust. It may also come loose from its anchorage, so that the sector 
shifts and allows the levers to move when they should be stationary. 
The remedy will depend upon the manner in which the fastening is con- 
structed, which is readily ascertained on examination. 


WHAT YOU SHOULD KNOW AFTER READING SECTION IV 


What the steering gear includes. 

What types of gearing are in common use. 
What a worm and sector gear is. 

What a worm and gear is. 

What a screw and nut gear is. 

Mow to adjust the worm and sector gear. 
How to adjust with eccentric bushings. 

Why adjustment is important. 

How a gear can be made too tight. 

How reversible and irreversible gears differ. 
Why the irreversible gear is the best. 

Why a reduction gearing is necessary. 

Why the steering gear bearings are important. 
Why thrust bearings are used. 

How to adjust thrust bearings. 

Why lubrication is extra important. 

How to take care of the steering gear. 

Why a ball-and-socket joint is used. 


How to care for the spark and throttle lever tubes. 


SECTION V. THE TIRES 


The Construction of Tires. 


Pneumatic tires are of two types, fabric and cord, the fabrie con- 
struction being the more commonly used in the smaller sizes largely be- 
cause it is less expensive in first cost than the cord tire. 

The shoe of a fabric tire is built up on a foundation consisting of a 
number of layers of cotton fabric, five layers being about the minimum 
number used in ordinary construction. The fabric is ‘‘frictioned’’ 

TREAD with rubber compound which is 
forced in to the fibres by special 
machinery. This makes it pos- 
— ae sible to vuleanize the fabric very 
securely to rubber, as well as 
waterproofing the cotton and in- 
creasing its durability. Over 
the cotton fabric foundation 
there is a thick layer of very 
resilient rubber which helps 
give the shoe elasticity. This 
laver of padding, as it is called, 
is thick at the center and tapers 
down quite thin at the sides. 
Over the padding ‘‘breaker 
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STRIPS PADDING 


BEAD 


FILLER 


strips’’ are placed, these being 
STEM . strips of heavy fabrie designed 
CROSS-SECTION OF A TYPICAL PNEUMATIC 
iiRE ; to strengthen the tread and 
The carcass may be composed of five or more layers give as much resistance as pos- 
of cotton fabric impregnated with rubber. <A cord tire 


employs five or more cords crossing in all directions, Sible to puncture. The breaker 
instead of the cotton fabric, . : 
strips are only wide enough to 
cover the part of the shoe exposed to puncture. Lastly and on top 
of all the other layers there is the tread. This is made of rubber in 
which strength is the main consideration, for it is the part that comes 
into direct contact with the road surface and must resist wear and 
tear and a great deal of friction and withstand the driving strains 
when used on the rear wheels. The composition of the tread rubber 
is exceedingly important and much depends upon it. 
When all the parts have been assembled the tire is vulcanized by 


heat the result being that the parts are joined together in a way that 
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is to rubber what welding would be to metal, forming a united mass. 
There are two general methods of vulcanizing, one process being mould- 
ing and the other wrapping. 

In the moulding process the whole assembled tire is placed in a mould 
of iron and subjected to heat, steam jackets being used because of the 
facility with which the temperature can be controlled and the uniformity 
with which the heat can be applied to all parts. In the wrapped tread 
process the tire is wrapped with strips of fabric which hold it in shape 
while heat is applied. The marks of the fabric can be seen on the rub- 
ber, as a rule, in wrapped-tread tires. 

There is considerable difference in the details of various makes of 
fabric tires, each maker having his own pet ideas which are developed 
and carried out according to his experience as to what is best. The 
foregoing, however, gives a good idea of the general system. 


Cord Tire Construction. 


A very different process is used in building cord tires. The main 
part of the shoe is formed by layers of cotton cords, impregnated with 
rubber, stretched from rows of wire hooks at the edges of the shoe. 
The layers are put on at an angle, and each layer is at an angle to the 
next. Between the layers of cords are sheets of rubber. Over the 
cords are breaker strips and then there is the usual tread section. The 
whole is vulcanized together. | 

The result of this construction is a tire that is very resilient and easy 
riding and that gives excellent mileage. Because of its rather high 
first cost the cord tire is used, as a rule, only on rather high-priced cars. 
They are popular for electric cars because of their resiliency and 
economy of power. 

Repairs on cord tires can be made only by a competent expert. Don’t 
try to repair your own cord shoes, and don’t give the work to a man who 
is not experienced on cord tire work. 


How Tires are Held on the Rims. 

The edges of shoes are formed according to the kind of rim they are 
intended to be used with. In the clincher 
type there is a bead which projects into 
corresponding channeling in the rim, 
while in the straight side type there is hea cent 
no bead. In straight side tires steel eae bles oe ae must be pried over 
wires or cables are usually vulcanized 
into the base to give additional holding power and prevent stretching. 
In any type of tire the pressure of air forces the shoe very tightly into 
place and it is held securely. 
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Valve Construction. 

The tire valve is an important and hard-worked little part of the 
equipment. The construction looks a little complex, but it really is 
simple enough. The valve proper slides up and down on a central rod 
and is held against its seat by a light spring. Air 
passes through openings in the centre of the valve 
seat, the outside of which is packed air-tight against 
the wall of the stem by a soft rubber gasket. The 
valve is so placed that the pressure of air from the 
tire forces it against its seat. The spring is light 
enough so that the pressure of air from the pump 
will compress it and allow the valve to open. 





RUBBER 
AIR HOLES 






VALVE SEAT 


orem cvlDF Inner Tube Construction. 


The business of the inner tube is simply to hold 
air. It does not require the strength of the shoe, for 

A TIRE VALVE ee : doe : 
This mechanism is in- 16 18 protected, but it must be tight. Tubes are in- 

expensive and_ efficient, 7 ] alzaa e 

and when the ttre terchangeable with the different makes of shoes. 

wears the “inside,” ] iv . 

ren eae Some tubes are moulded in circular form, but most 

tubes are of straight lengths of tubing joined to- 

gether at the ends. The highest grade of rubber must be used, and 

some manufacturers have succeeded in producing tubes that will stand 

amazing’ tests. 


‘Using Tubes of Different Sizes from the Shoes. 


Sometimes the motorist will find himself in a position where he needs 
a new tube and cannot get one of the exaet size specified for his tire. 
In such a ease it is possible to use tubes of other sizes. 

If the diameter of the inner tube is the same as the diameter of the 
tire at the rim the size of the tube may be smaller than that of the tire, 
within certain limits. It is said that stretching a tube half an inch over 
its nominal size does it no harm, and that it may be stretched an inch 
over its nominal diameter of cross section without injury. Certainly 
such stretching would do no harm in a comparatively short. run, and 
would serve, perhaps, to help out of an awkward predicament. Going 
a little further, it is possible to use a tube cf a size half an inch too large, 
if it is very carefully put in to avoid pinching. The larger the tire the 
less likely stretching is to harm it because of the greater total length 
of rubber over which the stretching is distributed. 

Suppose you have a 34” x4” tire and cannot obtain a tube of the 
same size. The rim diameter, or “‘the inside ring’? is 347——=8” or 
26”. Consequently, a 35” x 414” tube will fit a 34” x 4” shoe, with only 
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an extra 14” of eross section. The main thing is to get the rim diameter 
the same. 

A better fit could be obtained by using a 33” x 314” tube in a 34’ x 4” 
shoe. The rim diameter is the same, inasmuch as this is obtained by 
subtracting 7” (twice the cross section), from the 33” outside diameter, 
which gives us 26”. The 14” stretch necessary in the cross section 
would not seriously affect the life of a tire. 
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HOW DIFFERENT TIRES OF DIFFERENT SIZES MAY BE USED 


Remember that it is the diameter of the inside circle, or rim diameter, that counts in fitting a tire. 
Tire sizes are given in terms of their outside diameter however. Consequently, subtract twice the amount 
of the cross-section from the outside diameter to determine the size of the rim which it will fit. . Rim 
sizes are mentioned, not in terms of their own diameter, but in terms of the outside diameter of the size 
of the tire for which they are intended. 


On the other hand, a 34” x 414” tube cannot be used in a 34” x 4” shoe 
because we find that the rim diameter of the former ist OMly e254 
(34 — 9’). 

Following are the rim diameters of tires of commonly used sizes: 


D0 8 24 inches 34x 3% 27 inches 
30x 3% 23 inches 34 x 4 26 inches 
30x 4 22 inches 34x 4% 25 inches 
Boo 26 inches 36 x 314 29 inches 
32 x B14 25 inches 36 x 4 28 inches 
32x4 24 inches 36 x 414 27 inches 
32x 4% 23 inches 36x 5 | 26 inches 


Rim Construction. 

The many kinds of rims that are in use may be divided into six 
groups. 

The one-piece clincher rim is the familiar simple band of steel with its 
edges turned up to form flanges or ‘‘clinches’’ into which the beads of 
the clincher tire fit. These rims are rarelv used for any but com- 
paratively small tires because the beads must be stretched over the 
edges of the rim, and on a large tire this is extremely hard to do. 
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The quick detachable (abbreviated ‘‘Q-D’’) clincher rim takes the 
same tire as the plain clincher rim. The difference is that only one 
of the flangs is integral with the rim, the other being a separate part 
which ean be slid off when the locking device is loosened, allowing the 
tire to come readily off the rim. This type of rim has made a vast dif- 
ference in the handling of tires, especially in the larger sizes which are 
difficult to manage at best. The locking rings are made in a great 
many different forms. 

The quick detachable straight side rim takes the beadless tire and has 
the same type of locking arrangement as the clincher, though the de- 
tachable part which holds the tire is of course of different form because 
of the different shape of the base of the tire. 

The demountable rim is designed to be removed bodily from the wheel 
with the tire in place—that is, rim and tire are removed together. 
Some of these rims are so made that the tire cannot be removed until the 
rim has been taken off. 

The demountable-detachable rim always permits the tire to be re- 
moved with the rim in place on the wheel and algo permits tire and 
rim to be taken off together. 

There are of course a great many detail differences in rims. In 
some rims of the detachable clincher type the inner flange or clinch is 
a separate part, as well as the outer clinch. Some rims are so made 
that either clincher or straight side tires can be used. On these, 
both clinches are removable. One side of the clinch is shaped to take the 
clincher tire.base and the other side to take the straight side. To 
change from one type of tire to the other it is only necessary to reverse 
the rings. 


Removing Tires from Rims. 


Removing a tire from a rim is often a very unpleasant job, it may be 
said that in many cases a lot of trouble can be saved by keeping the rim 
in good condition and free from rust so that the tire will not stick if it 
is left on for along time. Sticking can be prevented by rubbing the rim 
where the tire touches it—especially in the clinches and angles—with 
a mixture of graphite and water made into the form of a rather thick 
paste and allowing it to dry. There are a number of compounds on the 
market made especially for this purpose. 

Another point is to keep the rim and its locking devices, whatever 
they may be, in good condition by abstaining from abusing them. 
Many rims are hard to manage simply because they have been unmer- 
cifully hammered and pounded until they have been forced out of shape. 
A certain amount of forcing is often necessary, but the rim is made to 


THE TIRES 235 


stand it. The use of a hammer at joints where there is a close fit is a 
common cause of trouble. 

In removing a tire from a plain clincher rim the wheel is of course 
jacked up first of all. Then the cap is unscrewed from the valve stem 
and the lock-nuts removed so the stem can pass through the hole in 
the felloe of the wheel and the rim. Let all the air out through the 
valve. 

The tire is started by prying the outer bead out of the clinch with a 
flat-ended iron. If the bead is badly stuck this operation may be very 
difficult, and in such cases one of the special clamp-like tools made for 
the purpose is exceedingly useful. When the bead is loose and free 
from the clinch an iron is inserted under it and it is pried up over the 
outer clinch at one point. A new, stiff tire is quite difficult to handle 
and longer levers may be necessary than with an old tire that has be- 
eome pliable. 

When the bead has been pried over the edge at one point, leave the 
iron in place and with another iron work along, raising the rest of the 
bead a little at a time until the bead is all off. 

The next step is to remove the tube, starting at a point on the opposite 
side of the wheel from the valve. Lift the valve out last. 

If it is only required to get at the tube it will not be necessary to take 
off the other bead of the shoe. If the shoe has 
to come off, however, it is removed over the 
outer clinch in the same way as the outer bead. 

Take particular pains in removing a tire not 
to pinch or otherwise injure the tube. See that 
it is pushed out of the way of the tools. 

To replace a tire it must be pried back in 
much the same way. Putting on as much of 
the inner bead as possible without tools, keep it A PINCHED TUBE 
close to the outer clinch at first while the last ee ie ae 
of the bead is pried over, a job which re- ject ticaeh: ard pinche eer: 
quires some little work. Then work the bead over into the inner 
elinch. 

The inner tube comes next. Partly inflate it, so that it will hold its 
shape, though not enough to stretch it any, and put the valve stem in 
first and then the rest of the tube. Take great pains to have it lie 
properly in position and to see that no folds are made. This is ‘‘pinch- 
ing’’ and generally results in a hole in the tube. 

Dust the inside of the shoe with tale or French chalk. This prevents 
friction between the shoe and the tube and prevents their sticking 


together. 
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Only a light sprinkling is required. More than that may do positive 
harm by collecting and forming lumps. 

Then pry over the outer bead. When the tire is inflated the beads 
will be pushed firmly and all the way into place. 

Another way in which a tube may be pinched is to catch it under one 
of the beads. This is even more effective as a means of making holes 
to let out air. 

Special tools for removing clincher tires are made in considerable 
variety, and some of them are exceedingly good as trouble and tire- 
savers. 


Taking Off a Demountable Rim. 


Loosen the bolts holding the rim in place, with the exception of the two 
nearest the valve, until the wedges can be moved out of the way of the 
rim. Keep the wedges out of the way by screwing the bolts up a little. 
Starting on the side of the wheel opposite the valve, work the point of 
a screwdriver between the rim and the steel band that is shrunk on and 
is part of the wheel. This is called the felloe-band. The rim will slip 
off at this point. Turn the wheel and lift the rim and tire off, taking 
care not to damage the valve stem as it comes through the hole. 

Putting the tire and rim back on the wheel is simply a reversal of 
the taking-off process. Start by putting the valve in. In many rims 
there are small studs on the inner edge of the rim, and it is sometimes 
necessary to do a little prying to get the studs on the felloe-band. 


Removing Tire from Demountable Rim. 


A rim of the split type must be removed from its wheel before the 
tire can be removed—or rather, before the rim can be taken out of the 
tire, which is the actual process. 

Lay rim and tire on the floor with the part of the joint that is at the 
greatest distance from the valve uppermost. Take off or loosen the 
holding plate or ‘‘anchor-plate.’’? Insert a tool under the bead at the 
end through which the valve does not pass, and press toward the center 
of the circle, which will spring the rim inward. Move the tool six or 
eight inches further around and do it again, and continue as often as 
is necessary. Turn the rim and tire other side up. Insert the tool 
under both beads at the same time, which will free one end of the rim. 
Step on the tire to hold it down and pull the rim free all the way around. 


Replacing Tire on Demountable Rim. 


Partly inflate the tube, but not enough to stretch it, and insert it in 
the shoe so that it les smoothly and unwrinkled in its place. Insert 
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the valve stem in place in the rim, and put both beads of the tire in 
place at this point. The other end of the rim will rest on the floor with 
the tire on top of it, neither of the beads in the rim. Work around 
from the valve, putting the beads in place and leaving the valveless end 
of the rim to go into place last of all. The inward springing of the 
rim allows the tire to go on easily. 

Getting the ends of the joint together is often the hardest part of the 
job, and it is here that much damage is done with the hammer. If you 
lose your temper and bang and whack with the hammer you are fairly 
sure of getting the joint into bad shape. 

This is another job for which special tools are made, and if you have 
trouble with your rims it would be a good plan to obtain such a tool. 
And don’t forget the graphite compound to prevent sticking. 


Taking Care of the Tires. 


There is perhaps nothing on the car that pays so well for a little care 
as the tires, and nothing that will more quickly show the results of im- 
proper handling and neglect. 

To begin at the beginning, look out for the inflation. There is one 
correct pressure for a given size tire—and all the others are wrong. 
You can’t judge pressure by a kick. Get a tire gauge. It is an inex- 
pensive thing and worth having. If a tire is under-inflated it will 
‘<flex?? too much and there will be a tendency for the various plies to 
work loose. Moreover, an under-inflated tire is more easily punctured, 
eut and stone-bruised than one fully inflated. If, on the other hand, 
the tire is pumped up too hard it will be unnecessarily strained and the 
ear will ride hard. Compressed air can make a car ride just as hard as 
4 solid rubber tire, if it is only compressed enough. . 

The following table gives the correct pressures for tires of various 
SIZeS: 


Tire Size Air. Pressure 
214 inches 50 pounds 
3. inches 60 pounds 
314 inches 70 pounds 
4 inches 80 pounds 
414 inches 90 pounds 
5 inches 90 pounds 


The air pressure increases slightly when driving because of the heat 
generated. The tires are made to stand this, however, and this factor 
-s taken into consideration in giving the inflation pressures. A tire 
pumped too hard in the first place is placed under a very severe strain 
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after it has been driven for some time, and especially if it is driven 
hard. 


Tire Ills and Their Cures. 


There are little things that happen to tires on the road that do not 
interfere immediately with their running, but may, and very often do, 
develop into greater troubles that lead to the repair shop and thence 
to the owner’s purse. 

Stone bruises and cuts are much alike, the difference being that a cut 
is simply a gash, while in a stone-bruise rubber is gouged out and even 
the fabric may be broken. Rim-cutting, resulting from running with 
the tires insufficiently in- 
puncture. | Oa cee ARS. flated, can easily be 
rasric seoxen &VOIded. Cuts and 
stone-bruises sometimes 
allow sand or dust to 
work in between the 
tread and the fabric, 
causing sand-blisters. A 
blow-out may carry away 
part of the tire or it may 
simply leave a hole. A 
puncture is simply-a 
small hole and does not 


involve the cutting away 
SOME OF THE MOST COMMON CAUSES OF TIRE 
ao are of the rubber, as does a 


Fortunately, no one tire will suffer from all these ills at once. gtone-bruise. 
Nine-tenths of good or bad tire service rest with the driver. 

It pays to mehd up all 
injuries to the tire tread. Materials for filling in stone-bruises and 
for closing up cuts are easily obtained and it is only necessary to 
follow carefully directions for using. The euts and bruises may not 
be much in themselves, but they often lead to worse things. A pune- 
ture may occur more the rubber has been already weakened when 
it would be warded off if the rubber were all there, and the same is 
true, in its way, of sand-blisters. If a tire happens to have a weak- 
ness on the inside which, however, will not show up until the outside 
is injured, it may let go and cause a blow- out, thus ruining a tire which 
might otherwise have been saved. 

A cause of blow-outs that is by no means uncommon is the wearing 
of the walls of tires by allowing them to scrape against curbs. This 
its the tere at its weakest point. All that can be said as, ‘Don’t 
do it.”’ 


TREAD WORN 







BLOW OUT 


SAND BLISTER CHAFEO 





THE TIRES 239 


Repairing Punctures. 


A patch put on a tube with ordinary rubber cement can be considered 
only a temporary repair. It is reasonably sure to let go sooner or 
later. Patches should be vuleanized on, and vulcanizing is so easy and 
the tools for doing the work are so inexpensive that there is no good 
reason for not doing it. 

Patches applied without vuleanizing should always be of ample size. 
Put a 2-inch patch on a hole as big as a lead-pencil. A hole as big as a 
dime should have a patch three or four inches in diameter. Bigger 
holes are hard to hold with ordinary patches. Have them repaired by 
vulcanizing. 

An ordinary patch put on without vulcanizing cannot be made to 
hold its best if simply coated with cement, slapped on and left to dry or 
put immediately to work. The place where the patch is to be applied 
should be carefully cleaned with gasoline and then roughened with 
sandpaper. <A coat of cement is put on both patch and tube and allowed 
to become quite dry. Then a second coat is applied and allowed 
to become tacky—about half dry—before the patch is put in place. 
Hold the patch down by means of a clamp while drying or, if on the 
road and minus a clamp, put on as heavy a weight as is available. A 
patch put on in this way will do all it is capable of doing, but it is by 
no means as good as a vulcanized patch. 

With the small vuleanizers that are so plentiful it is no more trouble 
to vuleanize a patch than it is to cement one on and make a good job of it. 

In case of a blow-out when there is no spare tire, the only thing to 
do is to make a temporary repair by putting in a new tube and an inner 
sleeve between the tube and the damaged part of the shoe, and on the 
outside a blow-out patch or shoe, which is laced or hooked in place. 
Thus both outside and inside are braced and protected. Blow-out 
shoes are made in a great variety of kinds and sizes and there should 
always be one in the repair kit. 

Oil causes rubber to deteriorate rapidly, entirely destroying it as 
rubber and reducing it, if time is allowed, to a soft, sticky mess. Rub- 
ber that has been attacked by oil cannot be restored to its original 
condition. So keep oil and grease off your tires. Look out for oil on 
the garage floor. It is pretty obvious that if the car is left with the 
tires standing on an oily floor nothing but harm can result. See that 
there is no oil on the garage floor, or at least see that the car stands 
where there is none. 

If a valve leaks persistently the best thing to do is to put in new ‘‘in- 
sides”? which are cheap and easily put in. A slow leak in a valve is an 
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unmitigated nuisance and need not be tolerated. Keep oil and gasoline 
away from the vaive insides, as they destroy the rubber packing. 

A valve is easily and positively tested for a leak by bringing it down 
to the bottom of the wheel and putting a drop of water in it. If there 
is a leak bubbles will be formed. Tighten the valve, using the end of 
the cap, which is formed for that purpose. If this does no good put 


in new ‘‘insides’’ or core. 


What to Do when Tires are Worn. 


Tn time the tread of a tire wears down until, if it is allowed to run long 
enough, the rubber is all worn off. If the tire is otherwise in fairly 
good condition it will pay to have it retreaded, after which a good deal 
of additional mileage can be extracted from it. 

Do not let a tire run too long before having it retreaded. If it is 
allowed to wear down to the fabric it is considerably weakened and, 
besides, water will rot the fabric and make things worse. The entire 
tread can be replaced with satisfactory results if the main body of the 
tire 1s uninjured except as to normal wear and tear; but retreading a 
tire that is worn in the fabric is a proceeding that is often of very 
dubious value. 


Conserving Tires by Correct Driving. 


The way a car is driven has much to do with the way the tires stand 
up and give service. Sudden applications of the brakes are very hard 
on the tires, especially if the wheels are locked and the tires dragged 
along the road. On the same principle the action of the clutch should 
be easy, for starting the car with a jerk tells on the tires. Keep the 
tires from grinding against the curb, which injures the side walls. 
Driving in car tracks is bad practice, notwithstanding the fact that it 
is often done. If you find the car in grooved tracks, or in a rut, get out 
by giving the wheel a quick turn, and not by gradually forcing the tires 
over, which grinds them against the rails. 

Dodge around stones in the road, and when you have to cross rail- 
road tracks do it at low speed. A sudden blow on the tire is capable 
of rupturing the fabric and a little later there will probably be a 
blow-out. 

Driving on a flat tire injures the shoe, even if the rim is of a form 
designed to prevent rim-cutting. Further, it is likely to tear the tube. 
Don’t drive on a flat tire unless you are willing to take a long chance 
on sacrificing the tire. 

Rounding corners at high speed imposes a very heavy strain on tires, 
and a weak tire subjected to such treatment may blow out. The cen- 
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trifugal force developed by a car even of moderate weight in making 
a turn at high speed is tremendous. The side walls, which are not in- 
tended to stand such treatment, are unfairly overloaded. Further, the 
tendency to skid has a tearing effect on the tread and if actual skidding 
occurs on a dry road the grinding effect is severe. 
Go easy on the corners 

When using chains, see that they are loose enough 
to move about on the tire, so that they will not al- 
ways rest on the same place; if they do they will 
cause localized wear. On the other hand, if they 
are too loose they may kink and eut into the rubber. 

The oil used in oiling roads is hard on tires if it HIGH SPEED 
iv allowed torremam= on them. It will pay, alter “SOUND CORNERS 
coming in from a run on freshly oiled roads, to wipe ee ate 
off the tires with a rag wet with gasoline. Inci- a ace acne ee 
dentally, gasoline itself will dissolve rubber if given rs 
a chance, but a small quantity dries off before any harm ean be done. 

The difference in pressure in tires due to difference of atmospheric 
temperature is so slight as to be negligible, as long as the tire is inflated 
only to the normal pressure. Do not reduce tire pressure because 
of hot weather. 

When the car is out of service jack it up so that the weight will be 
taken off the tires. Long standing on the tires is injurious. Leave 
sufficient air in the tubes so that the tires will retain their normal shape, 
but do not leave full pressure. 

Opinions differ, even among tire makers and dealers, as to how tires 
should be taken care of if the car is laid up for a long time—all winter, 
for instance. Some believe that it is sufficient to jack up the wheels and 
leave the tires on, partly inflated so that they will hold their shape. 

There can be no question, however, that the safest way is to take 
the tires off, clean them carefully inside and out, wrap them in heavy 
brown paper or burlap and store them away, lying flat and without 
weight on them, in a dark place moderately heated—not hot and not 
cold. The rims should be gone over and rust removed with emery 
cloth or a scratch brush, and a coating of graphite compound put on to 
keep them in good condition. 

Remove the tubes and squeeze all the air out of them after unscrewing 
the valve ‘‘inside.’’ Fold or roll them neatly, dusting them with tale 
if necessary and put them away in tube boxes or other receptacles. 

Tires and tubes must be perfectly dry when put away, and they 
should be kept in a dry place. 

One very good reason for taking the tires off for the inter when 
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A FEW TYPES OF TIRE TROUBLES 
1.) A tube torn due to crooked valve stem; 2.) see that the valve is straight before the tire is in. 
flated ; 3.) driving in ruts and rubbing against the curb are the two most common causes of side wall 
wear; the rubber is thin at these places and the exposed fabric will soon rot, and later result in a blow- 
out: 4.) the effect of chains applied so tight that they cannot creep; 5.) the interior effect of running 


a tire deflated. 
odie 
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the car is laid up is that they ought to be taken off anyway to dry them 
thoroughly and to see that the rims are in such condition that the tires 
will not be stuck. In any ease the tires would have to be taken off in 
the spring, if the owner cared anything about their condition and that 
of the rims, and they might, therefore, just as well be left off and 
wrapped for the hibernating period. 

Some tire makers recommend that a new tire intended for use as 
a spare and carried on the car, should be used for a time until it gets 
a normal coating of dirt. This is believed to protect the rubber some- 
what from the effect of light, which is known to be injurious. Also it 
has the effect of making the tire somewhat more pliable and more easily 
handled, should it be necessary to take it off the rim. 

Driving over fresh beds of crushed stone is hard on the tires. The 
best plan, if the distance is short, is to speed up the car enough so that 
it can be allowed to coast over the stones, for this takes the driving 
foree off and to that extent saves wear and tear. If the stretch is too 
long for this, drive at a moderate speed—not too slowly, as this will 
give time for a sharp stone to dig in, and not too fast because it in- 
creases the force of impact and the rearward pressure against sharp 
stones. Driving over stones is an unpleasant and unprofitable busi- 
ness at best. 

As a rule it pays to use oversize tires. The first cost is greater, of 
course, but as a rule the saving effected through longer service is more 
than enough to offset that, so there is economy in the long run, as well 
as somewhat easier riding. 

Running through deep sand is often a surprise to the inexperienced 
driver, for the wheels slip and chains are practically useless if the sand 
is soft and shifty. The car may be stalled, and it is often difficult to 
extricate it. It will help matters considerably to run with the tires 
partly deflated, letting out say from a third to half of the pressure. 
For instance, if the tires are inflated to 60 pounds, bring the pressure 
down to 40 or even 30 pounds. Be sure to pump up to normal pres- 
sure when the sand has been passed. This is an emergency measure to 
prevent stalling. It is seldom that bad sand stretches are encountered 
that are long enough to permit any harm to be done by the temporary 
reduction of air pressure. 

While it is by no means unusual to see spare tires carried without 
covers, exposed to the light and heat of the sun, such a practice can 
only do harm, and the spare tire should be protected. 

The life of a tire is short enough at best, and the expense of keeping 
a car in tires is sufficient to warrant taking every possible precaution 
against deterioration. Careful driving, prompt attention to small in- 








4 


EASILY-AVOIDED TIRE TROUBLES 


1.) Poorly adjusted brakes which cause the wheels to slide will soon wear the tread and fabric; 
2.) a long nail may make a cut in the fabric, noticeable only from the interior; 3.) wheels or axles out 
of line cause continual rubbing which will soon wear the tread through to the fabric; 4.) pinched tubes 
are caused by careless installation of the tube flap. 


244 


THE TIRES 245 


juries, observation of the various rules for protecting tires from natural 
deterioration—all these things add many miles to tire life, and the 


cost and trouble are more than repaid not only in satisfaction but in 
actual cash. 


WHAT YOU SHOULD KNOW AFTER READING SECTION V 


llow fabric tires are constructed. 
Ilow cord tires are constructed. 
What the moulding process 1s. 
What the wrapped tread process is. 
How tires are held on the rims. 
How the valve is constructed. 
How tubes are constructed. 
How to use inner tubes of sizes different from the shoe sizes. 
What a one-piece clincher rim is. 
What a quick-detachable clincher rim is. 
What a straight-side detachable rim is. 
What a demountable rim is. 
What a demountable-detachable rim is. 
How a rim is made to take both clincher and straight side tires. 
Tlow to take off and put on a clincher tire. 
How to avoid pinching the tube. 
How to remove a demountable rim. 
How to remove a demountable rim from the tire. 
How to replace demountable rims and tires. 
Why correct tire inflation is important ; 
What air pressures should be used for tires of various sizes. 
How driving increases air pressure. 
How to repair small injuries to tires. 
How to put on a patch. 
What sizes patches should be. 
What happens when tire injuries are neglected. 
What effect oil has on rubber. 
What to do in ease a valve leaks. 
What to do when the tires are worn. 
What car tracks do to tires. 
How to turn out of grooved tracks. 
What curbs do to tires. 
How tires are affected by the use of the brake and the clutch. 
What results from driving on a flat tire. 
How tires are strained by turning corners at speed. 
How to avoid chain wear on tires. 
What to do with tires when the car is out of service. 
How to drive over crushed stone. 
How to drive through sand. 
Why it pays to use oversize tires. 
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SECTION VI. THE BODY, TOP AND UPHOLSTERY 
Why the Body Finish Needs Care. 


There is no getting away from the fact that the finish of an auto- 
mobile body is decidedly delicate, and that it cannot be kept looking as 
it should look without a good deal of care, and intelligent care at that. 
Paint and varnish are not only easily affected by abrasion, as from 
particles of dust and grit, but they are marred by many chemicals that 
cannot always be prevented from reaching the finish. The commonest 
of all things, mud, is an enemy of the finish both mechanically and 
chemically. The grit scratches and there often are chemicals in it that 
dull the varnish. Alkalies in mud often cause trouble, and the mud 
from roads where there is much horse traffic is particularly bad because 
of the considerable amount of ammonia it contains. 

It is not good for the finish of a car to keep it in a stable or barn 
where animals are kept because of the ammonia vapors which attack 
the varnish. Oil and road tar also are bad. 

Sometimes the finish of a car is marred from causes inherent in the 
finish itself, and of course the owner has no control over this. Such 
troubles naturally are more likely to occur in the cheaper cars, which 
are necessarily finished somewhat hurriedly and without the long and 
expensive processes used in high-priced machines. Blisters sometimes 
result from the application of paint and varnish over previous coats 
not thoroughly dry. The finish cannot be expected to prove as durable 
as that of a car that cost a great deal more money. But any finish will 
inevitably become dull with use. 


How to Wash a Car. 


Knowing the principles back of a thing so seemingly simple as wash- 
ing a car helps not a little, just as it does in looking after the mechanical 
parts of the machine. It is far better to know why you do one thing and 
avoid doing another than simply to do, or not do, without reason. 

If you take a piece of cloth and cover it with dust and rub it over the 
ear body you will expect the paint to seratch and dull. There is no 
difference, so far as effect is concerned, between doing that and rubbing 
a cloth over the dusty varnish, and though one such dusting might not 
make much difference, the end of the season would see. a vast dulling 


in the lustre. It is the same with mud. You could take a wet cloth or 
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sponge and rub the mud off, but you would inevitably do a lot of 
scratching. 

For this reason it is better to flush off as much as possible of the dirt 
with a hose and then go over the body with hose and sponge together 
to take off what cannot be flushed off, using plenty of water and ap- 
plying the sponge gently. Allow the water to run freely over the 
sponge to carry away the grit and dirt. Keep the stream of water run- 
ning on the paint in front of the sponge. Avoid very hot or very cold 
water, as extremes of temperature are decidedly injurious. This 
method is recommended by body finishers who know their business. 

It is a common practice to use various kinds of soap for body washing. 
The trouble with this is that many soaps are more or less injurious to 
the finish, and the quicker they act the more injurious they are likely 
to be because of their chemical compositions. Soaps that will not do 
any harm are made, however, and they are more expensive than the 
other varieties. A good soap to use is castile. 

After the car has been washed and, if soap is used, rinsed or flushed 
to remove all traces of soap, it should be dried with a soft cloth or 
chamois and then gone over with a good body polish on a clean cloth 
or chamois. If not properly dried the finish will be dulled. 

Grease and oil may be removed from the running gear—that is, 
wheels, axles and so on—with a little gasoline. The slight dulling 
effect can be neutralized by polishing with a little linseed oil on a soft 
cloth. 

If mud, oil or tar are allowed to remain on the body the result will be 
spotting. There will be a spot wherever a gob of mud or oil has re- 
mained. The moral is to remove them just as soon as possible, and 
another very good reason for so doing is that the sooner they are tackled 
the more easily they are disposed of. A good solvent for most oil and 
tar is old butter that has become too strong to be palatable. Of course 
good butter will answer—if you don’t mind the expense. Vaseline and 
kerosene can also be used for this purpose. 

For cleaning enameled parts of the car a special solution is recom- 
mended by the manufacturer of a high-grade machine. It is cautioned, 
however, that this will injure varnish, so care must be taken to use it 
for enamel only. The formula is as follows: 


Turpentine 2 quarts 
Paraffine oil 1% pint 
Oil of citronella 114 ounces 


Oil of cedar 34 ounce 
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This is to be used only when the enamel is very dull and will not re- 
spond to treatment with ordinary body polish, which should be used in 
the regular cleaning. Apply with the usual soft cloth and rub per- 
feetly dry with another cloth. 

Grease and mud collect in considerable quantities on the under parts 
of fenders, axles and so on, and may be removed with a suds made by 
dissolving two pounds of soap in a gallon of water. Rinse thoroughly 
after using this strong solution. 

Do not wash the car in the hot sun. The heat dries the water before 
it can be removed with the chamois, and the result is a dull, lifeless 
surface. 

Do not use much water pressure in hosing. Use the hose without a 
nozzle, as this gives good volume without too much pressure. Pres- 
sure will drive particles of grit along the varnish and cause innumerable 
little scratches. 

Always take particular pains in the washing of a new car. Paint 
and varnish require considerable time for thorough seasoning, and the 
finish of a new car is much more easily injured than after the car has 
been out of the shop two or three months. 

Parts of the ear, such as the hood near the exhaust pipe, that are ex- 
posed to considerable heat may be expected to deteriorate in finish 
more rapidly than other parts, and in some cases the heat will blister 
the paint. This is something that can be avoided only if it is possible 
to introduce a protection of asbestos or something of the sort. 

The less polishing you do on your nickled parts the longer they will 
last, because the polish necessarily takes off the nickel coating. Fre- 
quent rubbing with an oily rag will keep the surfaces bright and polish- 
ing will be needed less often. When polishing becomes necessary use a 
good silver polish. 

Do not use brass polish for nickel. It will scratch it and wear it 
down rapidly. 

Interior fittings that are silver-plated in many of the high-grade cars 
are usually lacquered and therefore must not be polished. When they 
wear they must be re-plated and lacquered. 


Taking Care of the Upholstery. 


No matter how good the varnish may be, if the upholstery of the car 
is shabby the whole car acquires a shabby cast. Of course even the best 
of material is bound to wear in time and to show its wear; but, like the 
body finish, it can be kept looking well very much longer if it is given 
proper attention, than if it is neglected. 

Neatsfoot oil is an excellent dressing for leather upholstery, and 
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brightens it a good deal when it begins to show signs of wear, as well 
as softening and preserving it and preventing cracking. There are 
rarious upholstery dressings on the market, some of which are very 
good. Special preparations are made for leather substitutes or fabric 
leathers. 
Slip covers are very convenient and useful, not only for lengthening 
the life of the seat coverings but for keeping the coverings clean for 
‘special oecasions.”’ | , 
Cloth upholstery should be protected by slip covers for ordinary 
driving, so that the fabric is kept clean for the aforementioned ‘‘specias 





PROPER CARE OF THE CURTAINS ADDS GREATLY TO THE VALUE OF A GAR 


The top should never be folded when wet and the curtains should alw ays be dried ont thoroughly be 
fore they are stored away, The celluloid windows should not be rolled too tightly. 


occasions.’’ Another reason is that grease and other spots are hard 
to remove without leaving discolorations if they are heavy. This is a 
job that an expert cleaner should handle. Light spots may be removed 
with very mild soap and warm—not hot—water and a woolen cloth. 

Cloth upholstery should be regularly cleaned of dust by a mild beat- 
ing process, removing such cushions as can be removed for the purpose, 
and Aree the job with a whisk-broom. 


Care of Tops. 


The top is often abused, more through ignorance than anything else, 
which is the reason that so many tops seem to get shabby quite early 
in their lives. 


A top that is wet from being used in the rain should not be folded 
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until it is perfectly dry. Leave it standing until it dries out. If it is 
stowed away and covered while wet, cracking, rotting and mildewing 
are probable results. It will add considerably to the life of a top if it 
is always well cleaned before it is folded away. 

Don’t neglect the top and curtain fastenings. It is altogether too 
common a thing to see some of such fastenings ont of order, and it not 
only gives the car an unkempt appearance, but may strain some of the 
parts that should be supported but are not. 

Tops made of leather substitutes may be freshened and preserved by 
the use of the various dressings made for the purpose. 

Mohair tops should be given particular attention in the way of re- 
moving grease and oil spots, for which purpose a sponge and soap- 
suds may be used. 

Do not use gasoline or kerosene on tops or curtains unless special 
instructions are given to do so. 

Some kinds of artificial leather can be cleaned very satisfactorily 
with a soft brush and water with a little ammonia added. 

Do not leave the top folded if the car is laid up, or it may tend to 
crack or crease at the folds. For the same reason, it is a good idea 
to put the top up and let it stay up for a while occasionally if there has 
been no opportunity to use it. 

In folding a top do the job as neatly and smoothly as possible. 


Care of Side Curtains. 


The much-abused side curtains will give much better service with a 
little attention. 

Before stowing them away wipe them clean with a damp cloth. This 
not only prevents grit from spoiling the finish, but keeps it away from 
the celluloid windows, which are easily scratched and, as every one 
knows, usually are scratched almost to opacity. 

If the curtains are marked to show where they go, fold them with the 
identification marks outside to save time when next they are wanted. 
Often they are wanted in a hurry, and this practice is worth while. 

If the curtains are rolled, do not roll them too tightly or the windows 
may be cracked. Avoid pressure on the windows that tends to form 
creases. 


Painting the Car. 


Any one who cares to tackle the job may paint his own car. It must 
be said, however, that no amateur or inexperienced hand can expect 
to produce a job equal to the work of an expert. Even the makers of 
good colors and varnishes intended for amateur application will not 
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claim ‘‘results equal to expert work”’’ if they are honest—and most of 
them are. 

The first thing to do is to get the car perfectly clean and absolutely 
free from any trace of oil and grease. If this is not done there will be 
trouble later on, right up to the last coat. 





CURTAINS WHICH OPEN WITH THE DOORS 
These are regular equipment on many modern cars. Care should be 
given to all snaps and fasteners. Curtains should only be unfastened by 
pulling on the metal—never on the fabric of the curtain itself. 


Do not be deluded into believing that rubbing down the old paint 
with steel wool or sandpaper will get rid of the grease and oil. It 
won't, in most cases. 

When the body and running gear are thoroughly clean go over all 
the surface with steel wool, which is more convenient and more effective 
than sandpaper. Sandpaper may be used, however, if steel wool can- 
not be obtained. No, 00 steel wool is about right, 
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The point is to get the surface just as smooth as possible. Do not 
rub through the paint to the bare steel or wood, or there will very likely 
be a patechy-looking spot there when the job is finished. 

Avoid getting an uneven, patchy-looking surface, for color will not 
always disguise it. If you go deeply into the paint at one place and 
only touch the surface in an adjoining spot the result will be an uneven 
appearance. 

Remember that high spots, lumps, gouges and deep scratches are very 
likely to be emphasized in the finished job rather than concealed. 

In using steel wool, take a good-sized handful and rub with it until it 
begins to get ‘‘dull,’’ and then turn it over. When there are no more 
fresh surfaces, pull it apart and fray it out and it will work as sharply 
as ever. It will gradually wear away as it is used. It is a good idea 
to wear an old pair of gloves when using steel wool, as the threads of 
steel have very sharp points and are sure to get more or less painfully 
into the skin. 

After the rubbing-down is finished, get rid of the dust and particles 
of steel wool that will be everywhere. Do this with the ereatest care, 
for the bits of steel stick tenaciously in corners, to come out at the first 
touch of the brush and stick to the brush long enough to be transferred 
to the paint-pot or to the body surface. These particulars of steel 
make very unsightly spots or lumps, and once the brush and the paint 
are fouled it is almost impossible to get rid of them. 

Dust is about the worst enemy there is in an amateur painting job. It 
makes the surface speckled and destroys the evenness that is so desir- 
able. It may as well be acknowledged that it is practically impossible 
to get rid of all dust, which is one of the reasons why an amateur job 
cannot equal that of a professional. The other reason is that the proper 
use of the tools and colors requires long experience and training. 

Use the prepared paints that are supplied especially for such jobs, and 
read the directions carefully. Asa general rule, it is better to use a 
paint that requires no varnishing afterward, for varnishing is a good 
deal of a fine art. A poorly-varnished body is a melancholy spectacle. 

Do not put the paint on thickly with the idea of covering the body 
completely with a single coat. If the old paint was in fair condition, 
if the rubbing-down was well done and if there is not much difference 
between the old and the new colors, a single coat may suffice. Other- 
wise two coats will be needed. 

Put the paint on with rather long strokes of the brush, and see that 
it is well ‘‘“worked out’’ so that there will not be thick and thin patches. 
You can spread the color with horizontal strokes and finish with verti- 
ca] strokes, which usually gives the best results, However, under no 
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circumstances finish the first coat with strokes in one direction and the 
second coat with strokes crossing those of the first. If you do you will 
get a cross-hatched effect that will not be pleasing. 

Be as clean as you can about the job. Keep the handle of the brush 
clean and carry a rag to wipe daubs of paint off places where they are 
not wanted. This is easy to do while the paint is fresh, but hard 
later on. 

Try to do your painting on a day when there is no wind, but when the 
weather is dry and warm. And keep the doors of the garage closed te 
exclude dust. No matter what you do you will find you cannot entirely 
climinate dust, unless conditions are uncommonly favorable. Painters 
find it necessary to take the most’elaborate precautions in this respect, 
even to building air-tight rooms and supplying them with filtered air. 

Don’t expect too much of your paint in the way of quick drying, no 
matter what the makers may say about it. A good paint rarely dries 
very quickly—which is nothing against it. Avoid touching it until it 
is thoroughly hard, or permanent marks will result. 

If you want to make a good and durable job, let the first coat dry as 
hard as possible before putting on the second. This makes a lot of 
difference in the lasting qualities of the finish. 

It is a very good plan, especially if there is a good deal of dust in 
evidence, to go lightly over the first coat with fine steel wool after it is 
thoroughly dry, thus giving a better surface on which to spread the 
finishing coat. 

If you are putting a very dark color over a very light one, or vice 
versa, two coats is the least that will answer, and three may be neces- 
sary. It is well to repeat the caution—don’t try to do the job all at 
once by laying it on thick. It will come off easily and will not look 
well. 

When the last coat is thoroughly dry give the job a copious washing 
with cold water. This helps harden the paint and is said to have some 
effect in preventing its marring so easily while green. 

If you want to paint the engine and other parts that get hot, use some 
of the special colors prepared for the purpose. Ordinary paint is prac- 
tically useless for this. 

Don’t put on paint over rust, for it will simply come off a little 
later. Clean off the rust first, but in doing this, stop just before the 
metal begins to polish. A slightly rough surface will hold the paint 
better than a smooth, polished surface in this ease. 

A dull mat surface can be obtained by rubbing the paint, when hard, 
with a piece of thick felt and water and powdered pumice. Do not 
attempt to finish the whole ear this way, however, for it is an expert’s 
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‘job. It is very satisfactory for small surfaces, where you can avoid 
the unevenness that wouldshow up on large areas. 

A steering wheel rim hat was once black but has the enamel worn 
off in spots is a shabby-looking thing, but can be greatly improved. 
Take off the rim and remove all the old black with steel wool or, if it 
is very refractory, scrape it off with broken elass or a scraper and 
finish as smoothly as you ean with sandpaper which in this case is more 
satisfactory than steel wool. Give the rim two or three coats of shellac 
and rub down the last coat with very fine sandpaper, rubbing very 
lightly so as not to go down to the wood, which must be covered. Then 
finish with a good rubbing with linseed oil or, for that matter, any good 
polish. The main thing is to use lots of elhow-grease and rub hard and 
long. You can of course put on more black paint if you want, but it 
will simply wear off again. 

Special enamels are made for lamps and other metal fittings. Very 
often such fittings can be given one coat with no preliminary treatment 
other than thorough cleaning to get rid of oil and grease. If there is 
a tendency for the old enamel to flake off, however, the tendency will 
only be increased when the new paint is put over it, and there is nothing 
to do but remove the loose stuff and leave a firm foundation for the new 
finish. 


WHAT YOU SHOULD KNOW AFTER READING SECTION Vige 


Why the body finish needs care. 

What mud does to the paint and varnish. 

Why a car should not be kept in the same building with horses or cows. 
Why the finish may deteriorate through no fault of the owner. 
How to wash a ear. 

Why improper cleaning spoils the finish. 

What soap should be used for washing. 

How the hose and sponge should be used. 

Why mud should be softened before removal, 
How to remove grease, oil and tar. 

Why a ear should be dried after washing. 

How it should be dried. 

Why a car should not be washed in the hot sun. 
Why a new car’s finish needs careful handling. 
How to make a polish for enameled parts. 

How to take care of the upholstery. 

How to clean leather upholstery. 

How to clean artificial leather upholstery. 
How to clean cloth upholstery. 

Why slip-covers are desirable. 

How to take care of the top. 

Why a wet top should not be folded. 

How to clean windows in side curtains. 

How to paint a ear, 

How to use steel wool. 

How to make a good surface for the paint. 
What paints should be used. 

How to avoid dust. 

How to produce a dull finish. 

How to refinish a steering wheel rim. 


How to paint lamps and fittings. 
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SECTION VII. KEEPING THE CAR QUIET 


Noises in the Engine. 


The amount of noise made by an engine, assuming that it is in first- 
class condition, depends altogether upon how it is designed and built, 
and there is almost nothing the owner can do in this respect. Some- 
times the cams will clatter on the lifters, due to their design, and some- 
times the lifters will click as they come down. The best that can be 
done is to keep the engine as a whole in the best possible condition and, 
in particular, see that the bearings are tight and the valve lifters are 
properly adjusted. These points have been fully covered in Section I. 

If there is a hand erank on the engine it very commonly lacks lubri- 
cation, and, moving slightly as the car goes over the road, sets up a 
little squeak that often is hard to locate. On general principles the 
lubrication of the crank should not be neglected. The crank may be 
loose and set up a rattle. If so, it may be eliminated, as a rule, if the 
erank holder can be made tight enough to pull the crank to one side to 
hold it. 

Loose pump bearings and loose couplings will rattle and knock. The 
remedies are obvious. A squeak in the engine indicates that there is 
a bearing running dry and wearing fast; locate it at once and see that 
it gets its proper lubrication. 

Hissing, whistling and blowing noises show that gas is escaping. 
Look over all joints and gaskets and inspect the spark plugs to see if 
they leak. A little oil put on a joint where there is a leak will tell the 
story by bubbling. Close the joint by tightening the bolts. If there 
is considerable leakage past the pistons there may be a hissing noise. 

Occasionally the escape of gas under pressure will produce a noise 
that is very much like a squeak, and this has been known to start a 
hunt for a drv bearing when there was none. Hold your ear close to 
places where there may be leaks, and sound will betray its cause if it is 
a Jesk and not a squeak. 

The earbnretor often makes a steadv hissing noise that cannot be 
avoided. It is rarely sufficient to he ohiectionahle, however. In some 
carburetors with a spring-controlled air valve the valve will rattle on 
‘ts seat at certain speeds if it is under insufficient snring pressure. 
This is an abnormal condition, however, and comes under the head of 
carburetor adjustment. 

A fan that runs at high speed will often make a good deal of noise 
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if there is a break or dent in the edge of one of the blades. Look out 
for the fan bearings; if they are loose they are apt to rattle. A badly 
joined fan-belt will sometimes make a slight pounding or slapping 
noise. If the fan runs very close to anything it may be sufficiently dis- 
torted by centrifugal foree when running fast to make contact and pro- 
duce noise. Inspection will reveal a scraped place where contact occurs. 


Noises from the Hood. 


The hood is rather a prolific source of little jerky squeaks that are 
hard to locate because they occur when the car is running on the road 
but not when standing. Usually these occur where the hood rests on 
the radiator and the forward end of the cowl. If they cannot be elim- 
inated by tightening the fastenings, line the edges of the hood on the 
inside, where they rest on the radiator and cowl, with thin tape or 
strips of cotton cloth, using shellac as glue. This will usually do the 
trick and will last for some time. After the lining is on give it a coat 
of shellac, and while the shellae is tacky rub dry graphite into it, get- 
ting as much graphite as possible into the shellac. The graphite will 
act as a lubricant and will prevent the shellac from sticking when it 
warms up. Only thin material can be used, as a rule, because thick 
stuff would spoil the appearance of the joined places. 

Headlight and other lamp doors sometimes rattle because the fasten- 
ings are not sufficiently tight, and also there will be a rattle if the 
bracket fastenings are loose. Some reflectors are so attached that their 
screws can loosen and allow rattling which, however, is not often loud 
enough to be heard. But just the same the reflectors should be in- 
spected occasionally to make sure they are firmly held. The license 
plates also may rattle if not screwed up tight. 


Rattles in the Steering Gear. 


Most parts of the steering gear likely to cause rattling can be ad- 
justed, and a properly adjusted gear will not, or at least should not, 
rattle; good lubrication is a factor in this. The spark and throttle 
levers may become loose on their respective sectors from long use and 
rattle against them on the road. Before this can occur, however, they 
should have been tightened simply to make sure that they will stay 
where they are put. In some cars the steermg wheel post wears loose 
in its bearing at the top of the supporting tube. Depending upon the 
type of steering gear used, this may be remedied by adjusting the’ 
thrust bearings or by inserting a new bushing at the top of the column. 
Such trouble is not likely to oceur for a long time if lubrication is 
properly attended to. ae 
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If a new bushing cannot be obtaimed it is sometimes possible to 
tighten up the old one so that it will do very well for a time at least. 
Take out the bushing and split it lengthwise with a hacksaw. Put it 
back with a liner of very thin sheet brass or copper back of it, so as 
to close it up on the steering wheel post. The greater 
the wear the thicker the sheet metal will have to be, 
and you will have to use your own judgment and per- 
haps do a little experimenting to get the right fit. 
Anyway, get a new bushing as soon as possible. 


Rattles in the Brake System. 


The brake gear is responsible for a good deal of 
rattling, most of which can be eliminated by ordi- 
nary adjustment and lubrication. Joints that can- 
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ing connections. 


will be described later. 

Adjustable pedals may work loose and rattle. If, when the pedal is 
released, it does not rest firmly against its stop, of whatever type that 
may be, it is almost sure to rattle. If there is no way of increasing 
the spring tension to give a firmer contact, or if the spring is as tight 
as it should be, a little pad of leather will stop the noise. Under such 
conditions leather will wear longer than rubber. 

Where there are adjustable bearings, as there may be for the cross 
shafts carrying the brake pedals, adjustment is easily made and in 
any case such bearings are large and wear slowly, with ordinary at- 
tention to lubrication, and the spring pressure tends to keep them 
tight. 

A rod end is connected to the part which it moves, or from which it 
takes motion, by some pin-end-eye arrangement, such as a clevis. A 
clevis is simply a fork on one member, the arms taking between them 
the flattened end of the other member and a pin passing through holes 
+n both. This kind of a joint wears rather rapidly if the pin is not 
large, and as it usually is exposed dust and grit do much to hasten 
deterioration. The wear is nearly all fore-and-aft so that the holes 
and pins both wear oblong. 

When this occurs the holés should be reamed or drilled—preferably 
reamed—enough larger so they will be truly round and clean. Then 
new pins must be fitted. Sometimes pins can be obtained of the proper 
size at a hardware store; they are made ina variety of sizes with heads. 
If the proper length cannot be obtained, use longer pins, drill for split- 
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pins and cut off. Another way is to use standard S. A. E. bolts, which 
are of good steel and accurately finished and can be obtained in a 
wide range of sizes at large hardware stores. If such bolts are used, 
care must be taken that the nuts do not screw up tight enough to pinch 
the joints and spring them out of shape or cause binding. If bolts can 
be obtained with threads of just the right length so the nut will tighten 
at the foot of the thread, so much the better. Drill for a split-pin to — 
prevent the nut from coming off. Perhaps the best way is to drill 
through both nut and bolt when the nut is in its proper position and 
pass a split-pin through. If the thread is a little too long use this 
method for keeping the nut where it belongs. In no case should the 
thread extend more than a very little into the hole in the clevis, for this 
will reduce the bearing area and hasten wear. 

If neither pins nor finished bolts can be obtained do not use unfin- 
ished bolts, for they will wear very fast because of their rough sur- 
faces and poor fitting. Use short lengths of plain 
steel. Finished tool steel is usually easily obtained 
in any size. A very good head can be made of a 

MAKING A PIN nut the hole in which is a little smaller than the 
clininite tno ooues a diameter of tie pin. File or drill out the threads, 
ES aes: or at least partly clean them out; the nut must still 
be a little smaller inside than the pin. Then file or grind the end of 
the pin till the nut can be driven on, leaving a shoulder for the nut to 
rest on. Leave the end of the pin projecting about a sixteenth of an 
inch beyond the nut and rivet it over with the ball end of a machinist’s 
hammer, and finish by filing or grinding up the riveted end to make it 
clean and shipshape. At the other end drill for a split-pin, leaving 
enough room for a washer between the split-pin and the clevis. Use 
a good stout split-pin in this ease and do not forget the washer. Have 
the washer a snug fit on the pin to avoid its little rattle. 

Tf an external brake band is too loose—too far from the drum—it may 
possibly rattle against the inside of its housing. In some brakes, espe- 
cially in the cheaper cars, a certain amount of wear will allow enough 
side play for the band to rattle against one side or the other of the 
housing. These things are simply matters of ordinary adjustment. 
As a rule the springs in the brake operating mechanism. keep the joints 
of the toggles from rattling. 





Noises in the Gearset. 


Gears are bound to become noisy when they wear, and the real rem- 
edy is a new set of gears. This is of course somewhat expensive. 
There are ‘‘dopes’’ made for quieting noisy gears, composed of grease 
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of some kind mixed with ground cork, cedar sawdust or some such 
substance. In some eases this gives very good results. The solid mat- 
ter has a marked cushioning effect and under proper conditions 
will often enable the car to run quietly on old gears for several 
seasons. 

In using such dope it is necessary to use some care. Some of the 
compounds have a tendency to lump up due to the partial separation 
of the solid matter as the lubricant thickens up in service. The gear- 
box should be opened up oceasionally and the dope examined, and if it 
seems to be lumping and thickening, take it out and add fresh. Do not 
use this quieting dope in a gear nc designed to be lubricated with oil 
without finding out from the manufacturer or the service station if it 
will work without doing harm. However, it may be said that most 
manufacturers object to lubricants of this kind, though users in many 
eases have obtained good results. 


Knocking Universals. 


Universal joints wear and develop knocks that are very annoying, 
and the remedy is almost invariably the insertion of new bushings for 
the trunnion pins, as has been pointed out in Section 3, Chapter 3. 


Torque Tube Rattle. 


The jointed end of the torque tube wears and produces a rattle in 
some cars and its noise changes with the various driving conditions, 
usually being most pronounced when coasting because there is no pres- 
sure to keep it tight. Often the pivot pins are run through bushings, 
and when this is the case the installation of new bushings and pins 
will restore the joint to its original tightness. When there are no bush- 
ings the holes must be reamed out and new and slightly larger pins 
used. As these joints are of considerable size, the job is one that 
should be done by the repairman. In some cases means of adjustment 
are provided. 

It may be pointed out that the torque tube joint is generally pro- 
vided with means for lubrication which are commonly neglected be- 
cause somewhat hard to get at. Never mind that. See that the lubri- 
cation is supplied and that it gets where it is needed. 

The same remarks apply to radius rods, where these are used in- 
stead of a torque tube. 


Spring Noises. 


Spring noises are squeaks and creaks due to lack of lubrication be- 
tween the leaves and rattles due to looseness of the bolts in the eyes 
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and brackets. The remedies for these troubles have been thoroughly 
covered in Section 3, Chapter 4 on Springs. 


Synchronous Vibration. 


Everything that can be made to vibrate has what is called its own 
‘Cmoment of vibration.’’? That is, it will vibrate naturally, if the im- 
pulse is provided, at so many movements per second, depending upon 
its elasticity, weight and dimensions. A pendulum is a eood example. 
Start it swinging, and it will require only a slight impulse to keep it 
going at its natural rate of swing. The shorter it is the faster it will 
vibrate. So it comes that many parts of the car will set up their 
individual vibrations when the engine reaches such a speed that its 
vibration has the same period—in scientific language, when the periods 
of vibration are synchronous or agree in time. 

If a brake rod, for instance, has a period of ten vibrations a second, 
it will start vibration when the engine reaches a speed that produces a 
vibration of ten to the second. Below or beyond that it will not vi- 
brate. At lower or higher speed the engine vibration may synchronize 
with that of some other part, which will lift up its metallic voice if 
there is any looseness. Gears that do not run smoothly will set up 
vibrations that may synchronize with the periods of parts and cause 
mysterious noises. Some cars have been unable to use certain forms 
of universal joints because the gears started them vibrating in this 
way. Gasoline and oil pipes, rods, levers—almost everything on the 
car can be made to vibrate in synchronism with the vibration of the 
engine or of the car asa whole. This explains why when running over 
a road paved with cobblestones at a certain speed some parts will we 
up a rattle that is not in evidence on an ordinary rough road and that 
will vanish at a different speed over the same cobblestones. Once 
synchronous vibration is started it requires very little to keep it going 
—just the slightest impulse, as in the case of the pendulum. 

Consider this matter when going over the ear for rattles, and see that 
all parts that should be tight are tight. Long pipes should be secured 
to something to prevent vibration. A long pipe—that is, a length of 
pipe with considerable distance between supports—will have a slow 
period of vibration and will be easily started going. Fasten it at the 
middle of its length and the period of the two half-lengths still unsup- 
ported will be just twice as high as that of the whole length, and prob- 
ably so high that their periods will not be reached at any speed. 

Lamps often are subject to vibration of this kind when supported 
on pillars or high brackets and may rattle considerably. The trouble 
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can usually be cured by moving the lamps lower down on the pillars, 
which has the effect of raising the period of vibration because, as has 
been pointed out, the shorter the object the higher its period of vibra- 
tion, other things being equal. 

Rods through which the carbureter, ignition and so on are controlled 
may vibrate and be a little noisy if there is looseness. Look out for the 
muffler supports and for the connections of the exhaust pipe. The 
impulses from the exhaust sometimes start vibration here if there is a 
chance for it. 


Shock Absorber Noises. 


Shock absorbers, auxiliary springs and like devices are subject to 
very severe vibration and though usually held tight by spring pressure 
or weight or both, may develop rattles and, in the absence of lubrica- 
tion, squeaking. Rattling of course means simply that there is loose- 
ness to be taken up somewhere, and just where will depend upon just 
what device is used—and there are scores of them. Sometime a spring, 
and especially a coiled spring, will emit a creak every time it moves, 
though there apparently is nothing to cause friction. The cause will 
usually be found in the rubbing of the end or base of the spring in its 
seat, and a heavy graphite grease will stop it. The springs of the 
ear will sometimes creak in the same way on their perches if the clips 
or U-bolts are not tight. 


Body Noises. 


Of all the noises the car makes those produced in the body are the 
most annoyingly difficult to locate and stop. Many good cars are 
fitted with felt strips at points and joints where noise may occur, and 
in such cars body noises are practically eliminated. An old body gets 
loosened up and creaks and squeaks badly in some cases. 

The principle of the thing is that wherever there is a noise there 
must be movement to produce it, and to stop the noise the movement 
must be stopped, or at least something in the way of padding or lubri- 
cation used to eliminate sound. Go over every bolt, nut and screw of 
a noisy body and see that they are as tight as possible. Where a noise 
can be traced to its souree—which is often very difficult because such 
noises have a trick of hiding when they are looked for—a remedy ean 
usually be devised, the nature of which will depend upon the character 
of the source. But noises that come from the working of joints im 
wood frames loosened up through long service are hard to do anything 


with, unless the tightening of fastenings will help. 
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Doors that rattle can nearly always be fitted with some form of 
anti-rattling device, of which there are many on the market. Fenders 
will rattle badly if their supports are loose. 

If there is a box or compartment on the ear into which you are in the 
habit of chucking loose tools and ‘‘junk,’’ do not overlook it in quieting 
your car. Put the tools in a roll, or wrap them in cloth or something 
to keep them quiet. An untidy tool-box may make a car sound like a 
boiler-shop on a rough road. 


WHAT YOU SHOULD KNOW AFTER READING SECTION VII 


What noises occur in the power plant, and how to prevent or remedy them. 
How to stop squeaks and rattles in the hood. 

Why lamps rattle. 

How to stop steering gear rattles. 

How to take up wear in a steering post bushing temporarily. 
How to cure rattles in the steering gear. 

How to make a worn clevis joint tight. 

How to make pins for a clevis. 

How to silence noisy gears. 

How to silence universal joints. 

How to silence a torque tube or radius rod. 

What spring noises are and how to stop them. 

What synchronous vibration is. 

How synchronous vibration causes rattling. 

How to prevent synchronous vibration. 

Why a ear rattles on cobblestones and not on a rougher road. 
How lamp position affects vibration. 

How to stop noises in shock absorbers and auxiliary springs. 
How to stop rattling doors. 

What to do when the body rattles and squeaks. 
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SECTION VIII. THE PRIVATE GARAGE 


Planning the Garage. 


The plan of the private garage must of course depend upon the in- 
dividual requirements of the owner—the space needed, the ground 
area at his disposal, the amount of money he wants to put into it, and 
so on. There are, however, many considerations that apply to the 
garage no matter whether it is big or little, expensive or cheap. 

In the first place, it is a mistake to build the garage so small that 
there is just room to get the car in and let the driver squirm his way 
out between the car and the wall—so short that the car almost touches 
one end in order to allow the doors to be closed. 

Every ear will accumulate around itself a number of things that 
require more or less storage space, and if they are not provided for the 
owner will always wish he had built a little bigger. There should be 
room for a small work bench and enough room before the bench to work 
comfortably. There should be room enough around the car not only 
to move around with freedom, but to use levers if necessary in han- 
dling heavy parts. A foot or so added to the garage does not make a 
very great difference in the cost, but it does make a very great differ- 
ence in its actual value. 

One of the commonest pvistakes made in building small garages is to 
skimp on the windows. Seldom are there enough of them to give the 
light that is needed, and most garages are so dark in gloomy days that 
it is difficult to see well enough to do good work without artificial light. 
Use plenty of glass. In good weather you ean work with the big doors 
open, but even this does not altogether fill the bill when you are work- 
ing at the opposite end of the garage with your face toward the light. 
Have the windows so arranged that they can easily be opened wide 
so that there may be a free circulation of air andglenty of escape for 
gases and smoke when you are running the engifie. A small garage 
fills up with gases in no time, and, as is pretty well known, inhaling the 
exhaust is a dangerous thing and may, in extreme cases, easily cause 
death. 

If, however, the garage is already poorly ventilated, or if it is placed 
under the house where its air is limited, a flexible rubber hose of the 
type used in the thermo-syphon cooling system may be attached to the 


exhaust pipe to lead the fumes out of the window. In this case, a spe- 
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cial clamp may be provided to hold the hose firmly in place on the ex- 
haust pipe, and a hole can be cut in a board which will just fit the 
window opening when it is raised for this purpose. This hole should 
be of a size to accommodate the other end of the rubber hose. The 
window can then be closed so that none of the fumes can blow back 
into the garage and the exhaust can be forced out of doors. The cost 
of the necessary 8 or 10 feet of rubber hose may seem rather high but 
it will be much cheaper than the danger of total or partial asphyxiation. 


Arrange for Lifting Tackle. 


Have at least two good heavy timbers put across high enough to clear 
the top when it is raised. These are useful for rigging tackle for 
hoisting out the engine or the 
gearbox, and without something 
of the sort it is necessary to go 
to a good deal of trouble. If 
the garage is big enough it is a 
good idea to have a timber 
strong enough to permit hoist- 
ing the front end of the car 
clear of the floor to facilitate 
getting under it. This is in 
some ways better than a pit, and 
certainly is cheaper, when the 

The cross timbers may need to be supported but any cementing and draining of the 
such expense is well worth while if engine repairs are pit are taken into considera- 
to be made by the owner, s 

tion. 

Many garages may not be provided with sufficient head-room, or 
heavy enough ceiling timbers to enable the front or rear of the car to 
be raised from the floor by tackle. In such an event, a jack may be 
used to furnish more space under the ear, or a small, heavily-constructed 
incline may be built of timbers on which a car may be run under its own 
power. No matter what system may be employed, however, as long as 
a pit is unavailable, a creeper is a very necessary part of every com- 
pletely-equipped garage. This consists of a small wire or wooden 
cradle mounted on castors and provided with a head-rest. It is built of 
sufficient strength to accommodate a workman or the owner when he 
lies flat on his back, and may be moved about on the floor of the garage. 
A special brake is provided on some types of creepers which lifts the 
castors off of the floor so that when the desired position is reached, a 
stubborn nut or other work requiring the exertion of strength will not 
move the creeper out of position. 





INSTALLING A CHAIN HOIST 


THE PRIVATE GARAGE 269 


For hoisting purposes of this kind there is nothing better than a 
good chain hoist. Such a hoist is easily handled and it has the great, 
advantage that when the load is raised it is automatically and safely 
held just where it is left. Moreover, it is easy to move the load ac- 
eurately, which is a matter of no small importance in getting the engine 
into place, for instance. 


Good Flooring Necessary. 


There is nothing better for the floor than concrete. Wood is often 
used, but it soaks up oil and gets exceedingly dirty, smelly and very 
combustible. A concrete floor can be kept clean and is, of course, fire- 
proof. 

Sometimes small garage floors are laid with the center, under the car, 
depressed about an inch, forming a permanent pan which may be filled 
with sawdust to absorb dripping oil. A regular pan may be used, and 
helps keep the floor clean. 


Make the Doors Big. 


It pays to have the doors a little bigger than just big enough to let 
the car in. Especially is this true if the garage is so located that the 
car has to turn sharply when going in from the approach. This con- 
dition often obtains where a garage is built in a small back yard. With 
plenty of door space it will not be necessary to steer quite so ‘‘fine’’ and 
there will be less danger of damaging the car when going in or out. 
Besides, big doors are most agreeable in warm weather, and they help 
in lighting up on dark days. . 


Have a Good Bench. 


If you intend to do any work at all on your cara good heavy bench 
is an absolute necessity. A flimsv. light bench is a nuisance. It need 
not be very big. Five or six feet long and two feet wide is ample. 
This width may seem to be a little on the generous side, but after a 
little experience it will be found so convenient and useful that it will 
be worth the space it takes. 

The bench should have a ton of hardwood at least an inch and a half 
thick, and well braced legs of 2x4 seantling or its equivalent. Have 
a good machinist’s vise with, say, 314-inch jaws, and if it is a swivel 
vise so much the better, for it is a great help sometimes to be able to 
swing the vise around to get the work into a convenient position. There 
are many jobs that are very difficult to do without a good heavy vise, 
but comparatively easy with it. It has already been explained how it 
may be used as a press. For instance, there is riveting brake lining in 
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place. The vise is used to hold the iron on which the end of the rivet 
is set, and it is the most convenient way to do the work. 

A small clamp vise, such as can be bought for about two dollars, is 
practically indispensable for small work. This can be moved about to 
any part of the bench and clamped to the edge where it can most con- 
veniently be used. It is much better for holding very small work than 
the bigger tool. 

The big vise is best placed near one end of the bench, and it should 
be directly over a leg to give it solidity—a point that will be greatly 
appreciated in work that calls for hammering. 





—_—_————— oft. ———_s 
A WELL-DESIGNED WORK BENCH 


Inasmuch as heavy work will be done on this, the bench itself cannot be made too substantial or 
heavy. It should be thoroughly anchored to the floor and the mere drawers and shelf space available, the 
more valuable supplement will this become. 


Tool Equipment. 


The tool equipment required depends so much upon the individual 
circumstances that it is hard to lay down any rules. If you know 
enough about mechanical work to go rather extensively into the repair- 
ing and overhauling of your ear you will not need to be told what to 
supply. 

In any case, one of the first requisites is a collection of wrenches that 
will fit every nut and screw-head on the car. For real work there is 
nothing like a solid wrench—that is, a wrench that is not adjustable. A 
monkey-wrench is a good thing for occasional use, or for carrying in 
the car to save the space that a collection of wrenches would occupy, 
and so on. But for regular work nothing beats the solid wrench, And 
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it may be said that of all unsatisfactory tools a cheap wrench is the 
worst. There never yet was a wrench that was not over-worked, and 
if it is not well made of good steel it will get all out of shape at the 
outer ends of the jaws and round off the facets of the nuts when pres- 
sure is put on, or the jaws will break off before they have time to wear 
down. Buy good wrenches and take care of them. 

A hand-drill with a two-speed gear and a chuck that will take drills 
up to three-eighths of an inch is valuable. Keep your set of drills 
intact. Drills from an eighth downward are rather easily broken, and 
it is a gooe plan to keep two or three of each size on nand. Larger 
sizes can be used a long time, with care, without breaking. 

A hack-saw is another necessity. The eight-inch size is perhaps the 
most convenient. Buy your blades by the dozen. They are a good 
deal cheaper that way, and you will break blades faster than you will 
wear them out unless you are something of a mechanic. Blades are 
made with fine and coarse teeth. For most work the fine teeth are 
best. A saw with coarse teeth does not work well in thin metal, and 
for cutting tubing fine teeth are infinitely the best. Strain the blades 
good and tight and they will break less easily than if left slack. 

Have a good set of screwdrivers of different sizes so that you will 
always have one of the right size for each screw. Nothing is harder 
on a screwdriver than trying to make a small tool do the work of a 
larger one. The tip of the blade is twisted at the corners and worn 
down. <A screwdriver that fits fairly closely into the slot of a screw 
will last a very long time without showing undue wear. 

It is a good plan to grind the point of a screwdriver crosswise so that 
the grinding marks he parallel with the edge. 
This may seem a small thing, but it actually 


helps the tool to hold in the slot and prevents Grinder /morts 


‘ppl GRINDING A SCREW- 
shpping. DRIVER 


For very heavy work there is a most useful If the grinder marks are 
type of screwdriver with the handle made intwo — ter gan: fe aaa 
parts and jointed where it joins the handle. “"** 

When a very big and tight screw is to be moved the handle can be set 
so that one part of it is at right angles to the length of the tool while 
the other part is vertical. By applying pressure to the part at right 
angles tremendous leverage is given. If necessary both parts of the 


handle can be turned down on opposite sides, forming a big T and 
doubling the leverage. 

A good set of files is one of the prime necessities. These will range 
from the little jeweler’s file used for dressing contact points of the 
ignition system to a 14-inch or 16-inch coarse file for ripping off metal 
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in quantities. Include in the list a small rat-tail or round file about 
quarter of an inch largest diameter and a larger round file about half 
an inch largest diameter, an 8-inch and 10-inch smooth-eut flat file, an 
8-inch and 10-inch medium-cut half round file and an 8-inch three- 
cornered file. With this equipment you will not be easily stuck on any 
ordinary job. 

In using files there is a great deal that can be done to economize in 
wear and tear. Never use a new file on soft metals, such as babbitt. 
Use old half-worn files, and rub the teeth with chalk before using, which 
helps prevent clogging. When filing copper, wrought iron or soft steel 
use chalk. 

If a file becomes clogged in use take a piece of soft wood and cut it 
to the form of an obtuse wedge. Scrape the edge of the wedge across 
the file, in the direction in 
which the teeth run, and 
the wood will become ser- 
rated, fitting into the teeth 
and cleaning them out. 
The whole file can be 
cleaned in this way in a 
minute or two. 

In filing do not pass the 
greasy hand over the work, 
or the file will at first slip 





CLEANING A FILE 


Chalk rubbed over the file will prevent clogging with par- over and refuse to bite un- 
ticles of soft metal such as copper, wrought iron or soft f : 
steel. A clogged file may be cleaned by means of a sharp- til the grease has been 


ened piece of wood. A file that is clogged will not cut steel. 


scraped off. This is espe- 
cially true of cast iron. Incidentally, the outer skin of a casting is usu- 
ally extremely hard and takes a great deal out of a file. If you have 
to file such a casting break the skin with an old file, using, perhaps, 
the edges to scrape down to the softer metal under the surface. 

Have a good handle for every file. You can’t do good work with a 
handleless file. : 

It is worth knowing that a file can be magnetized by winding the cord 
of a lamp around it several turns and turning on the current. Such a 
magnet has sufficient strength to lift small pieces of metal that 
may have dropped into inaccessible places—screws or nuts, for in- 
stance. 

If you have a great deal of metal to remove from a large piece, a 
good file to use is a 16-inch square file—not flat. This rips it off in 
short order. Even better, if more expensive so far as first cost is 
concerned, is the type of file in which the teeth are formed like the 
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teeth of milling cutters on a small seale. These files cut very fast and 
clean and are extremely good tools. 

For filing work where the file must be used close to a projection 
that must not be cut use a file with a ‘‘safe edge,’’ which is simply an 
edge with no teeth on it. . 

A file euts only when moving forward. So when drawing it back for 
a new stroke, put no pressure, or only the very lightest pressure, on it. 
This helps a good deal in saving wear. Pressure applied on the back 
stroke does no good whatever. 

In filing sheet metal put it in the vise with the edge to be worked on 
as close as possible to the jaws, and work the file along the length of the 
sheet, or diagonally across, rather than at right angles. You will thus 
eliminate the fearful screeching and at the same time cut a good deal 
faster. 

For filing small pieces that cannot conveniently be held in the bench 
vise a small hand vise is useful. This grips the piece and at the same 
time forms a handle by which it may be held in the left hand while the 
file is used with the right. 

Don’t bang the file against the vise to knock particles of metal out 
of the teeth. It is bad for the vise and worse for the file. Knock it 
against the edge of the bench. A rub or two with a piece of wood is 
better, however. 

Keep your old files. There is good steel in them, and odd tools, such 
as scrapers, punches and cold chisels can be made from them by grind- 
ing or by softening and filing. Soften a file by heating it all over to 
a moderately bright red and leaving it buried in the ashes, or better yet 
in slacked lime, until cold. 

A very nice center-punch can be made from a piece of an old round 
file by grinding it tapering at one end to form a head and at the other 
for the point, leaving the teeth 
on the shank to give a good grip. 
If the steel has first been soft- ae 
ened the point must be hard- The steel ae ae NER ree to 
ened and tempered—two Gite heat treatment so that a punch having an exceedingly 
ferent operations. To harden, CT a eas a Rea 
heat about an inch of the point to a moderate red and dip it vertically 
‘nto cold water. This makes the steel extremely hard—so hard and 
prittle that it would shatter at the first blow of the hammer. To temper 
this hardness, clean the steel at the point so that it is bright and pol- 
ished, with sandpaper or emery or a scrap of sandstone. Apply heat 
a couple of inches back of the point and watch. You will see the color 
of the metal change and the changes will run along toward the point. 
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When the point reaches a medium straw-color put the tool quickly in 
water, and it will be hard enough for work but not so hard as to be 
brittle. The same process can be used for making and tempering cold 
chisels and the like. 

Another way of tempering is to heat the tool for perhaps half its 
length and quench in water only about two-thirds of the heated part. 
Then take the tool out of the water, polish the hardened end very 
quickly and watch for color. The heat still remaining higher up on the 
shank will travel to the point and temper it just as in the previous case. 
This is perhaps the easiest way when one has had a little practice, but 
it must be done a little more quickly than the first described way. 

Half a dozen cold chisels make & good set—two flat chisels, one large 

and one small, two 
ae round-nosed chisels and 
twonarrow-bladed 
‘‘eape’’ chisels. With 
these you will be well 
fixed. 

Some sort of grinder 
forsharpening tools 
should be at hand, and it 
is such a useful appli- 
ance that it is worth 
more than it costs. 
About the most. thor- 
oughly satisfactory thing 


This is one of the most useful tools in a garage. An old elec- for all-round work 1s an 


tric motor can be installed easily at a small expense, if electric ° <n ] . 
light current is available. ordinary £00 d Size d 






TOOL REST 








A BENOH EMERY GRINDER 


grindstone with foot- 
power, though there are many small grinders operated by hand that are 
good. The trouble with the hand grinder is that one does not have 
both hands free to held the tool, which is a good deal of a handicap. 
If you use a grindstone, never use it dry, and don’t persist in using 
che middle of the surface for work. Spread the wear all over and the 
stone will remain in condition a great deal longer. If you have an old 
electric fan motor a small emery wheel can be mounted on the shaft 
and used for light grinding, and this is an ideal arrangement. It ig 
advisable, however, to make a shield of light sheet metal to protect 
the motor from the dust of the wheel. Fasten the motor to the bench 
with the shaft running through a hole in a good-sized sheet of tin 
or sheet iron standing upright; the lower edge of the tin can be bent 
to form a foot which can be screwed to the bench. 
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Artificial Lighting. 


Have plenty of artificial light. Over the bench there should be a 
lamp with some kind of flexible or adjustable arm so the hght can be 
thrown on the work in the vise or on the bench to the best advantage. 
Have also a guarded lamp with a long cable of the kind used in big 
garages—heavily insulated cable that will stand the rough usage i 
is sure to get. Have the cable long enough so it will reach any part of 
the car. Use a half-shade on the lamp so the light will all be thrown 
on the work and not in your eyes. Also use a hook on the frame so 
that it ean be hung any place near the work. 


Water Connections. 

It saves a great deal of bother to have water run to the garage. iby 
this is done, have a small iron sink with drain pipe put under the tap, 
leaving plenty of room to get a big pail under the tap. Have a tap 
with hose connection so water can be led direct to the radiator, as well 
as being available for washing the car and for flushing the garage floor 
oceasionally. 


Storage for Cans. 

Have a regular metal oil cabinet if you can. If you can’t, at least 
have a cupboard in which your oil and other cans ean be kept. 

Of course the ideal arrangement for handling gasoline is the under- 
ground tank and pump system. If you are going to install such a sys- 
tem the makers of such appliances will give you all the information you 
want and will tell you how to make the installation so that it will meet 
with the approval of your local insurance people—which is something 
of great importance. There are many kinds of gasoline systems, and 
you will have no trouble in selecting one that will fill your requirements. 
One important consideration is to have the pump where it will be con- 
venient to the tank of the car, and another is to have the storage tank 
filler convenient of access for the tank-wagon. 


Fire Precautions. 

You should have means for extinguishing possible fires, and there is 
nothing better than fire extinguishers of the chemical type made for 
the purpose. Water is of no use in case of a gasoline or oil fire. Sand 


is good, but it 1s terrible stuff to get into the working parts of the car, 


though it is very effective for burning gasoline on the floor. Wet saw- 


dust is also good, though the trouble is that it must be kept wet. The 
most important thing of all is to be careful not to let a fire start—the 


usual ounce of prevention. 


WHAT YOU SHOULD KNOW AFTER READING SECTION VIII 


How to plan a private garage. 
Why it does not pay to economize space too much. 
Why plenty of window space is important. 
Why ventilation is essential. 

How to arrange for lifting tackle. 

How to get under the car without a pit. 
What kind of a floor to use. 

Why big doors are desirable. 

How to build the bench. 

What kind of a vise to use. 

What tools to provide. 

How to keep the tools sharp. 

How to make tools from old files. 

How to harden and temper tools. 

How to get the most out of screwdrivers and wrenches. 
How to get the most out of files. 

How to make a magnet of a file. 

How to clean files. 

How to make a power bench grinder. 

How to arrange artificial lighting. 

How to have water connections installed. 
How to have the gasoline supply installed. 
What to do with cans. 


How to take precautions against fire. 
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SECTION IX. HOW TO JUDGE A SECOND-HAND CAR 


This is the era of the second, third and even fourth-hand car. The 
manufacturers of new cars are unable to supply the demand, and the 
prospective purchaser is forced to content himself with a car which 
may have served the purpose of two or three previous owners. 

‘‘Trades’’? are common, and many an owner of an erstwhile good car 
sells it or turns it in as partial payment for a better one, which, also, 
may have seen considerable service. 


Covering Up the Faults. 


It is almost as difficult to judge of the actual condition of a second- 
hand car from a cursory examination as it is to determine the char- 
acter and mental attitude of a man upon first acquaintance. The 
psychological moment must arrtve before a man may exhibit the best 
or the worst that is in him. So it is with a car. The use of a heavy 
grease with which cedar sawdust or ground cork may be mixed, may 
serve to quiet many a gear which has been worn to the point of extreme 
noisiness were not such precautions taken. A fault which might occur 
only at a certain engine speed, or under certain conditions of hill 
climbing, will probably not assert itself during a 15- or 20-mile test 
run—especially if the route chosen was suggested by the owner of the 
ear. 

The only accurate judge of the actual condition of a second-hand car 
is the owner who has driven it and cared for it during its preceding 
2000 or 3000 miles of service. True, he may be biased, but he will know 
under what conditions its failings are most pronounced, and if he is 
a personal friend whose statements can be trusted, the chances of ob- 
taining full value from the purchase of such a car are far better than 
were the selection made from among the stock of a less reliable second- 
hand dealer or professional trader. 


Mileage Means Nothing. 


The speedometer means but little in the selection of a used car. The 
figures may be moved backward to indicate less mileage than has ac- 
tually been covered; the instrument may have been out of commission 
for several thousand miles; or a new ‘“‘head’’ may have been installed 


sometime during the life of the car. On the other hand, the matter 
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of the actual mileage covered is not nearly so important as is the 
care the car may have received during its service. Fifty thousand 
miles of careful care and repair will not entail nearly the amount of 
wear that will result from one thousand miles of incorrect lubrication 
or adjustment. 


Wrong to Judge by the Year. 


One of the first questions asked by the purchasers of second-hand 
cars is, ‘‘What year is it?’’ If the owner tells him the truth and the 
car happens to be built some five or six years ago, the prospective 
purchaser will possibly attach less value to the car than if it had been 
built in 1917 or 1918. Such a wholesale basis for judging the value 
of used cars as a whole is wrong, however, for in the period before the 
war, materials of a higher grade were available than those entering the 
construction of many of the same cars built in 1917 or 1918. On the 
other hand, some manufacturers built certain series of cars which 
proved more successful than those produced in the preceding or the 
following year. 


Cars that Are ‘‘Finds.’’ 


The used-car ‘‘trade’’ generally feels that it knows these years and 
series which bore the good and the bad reputation, but in the case of 
individual cars this should not enter too largely into the basis of selec- 
tion. Good cars produced during the poor series, properly cared for, 
are frequent ‘‘finds’’ among the stock of a second-hand automobile 
dealer, and to condemn a car because others of the same generation 
possessed undesirable family traits, is a short-sighted policy. The 
car’s defects inherent in the design as a whole should be taken into 
consideration, but possibly the installation of a new type of ignition, 
carburetor, or other device will overcome all such difficulties. 


Judge It as a Machine. 


What must be done is to judge the car as a piece of machinery not 
related to any other products of the same manufacturers bearing a 
good or a bad reputation. 

Even more important than the mileage which a car has been run is 
the fact that we cannot judge the value of a car by its external appear- 
ance. A coat of well-applied paint or varnish; a new piece of linoleum 
on the floor board; a touch of enamel here and a vigorous polish there, 
give a car a deceptive spick and span appearance which will soon be 
belied in its operation. 
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Where to Look for Wear. 


On the other hand, a steering wheel from which the varnish has been 
badly worn; holes in the floor board covering under the clutch or brake 
pedals, or the disappearance of the enameled surface in the neighbor- 
hood of the ignition switch and light buttons, will indicate mileage 
which the speedometer may not show. But, as we have pointed out 
previously, the distance covered plays but little part in the actual value 
of a car. 

The engine, transmission and differential wear are often difficult to 
discover. The best-designed engine on the market, however, may be 
provided with a noisy valve mechanism, and even well-built gears may 
possess a hum or ring when in operation which will not necessarily 
indicate incorrect mechanical adjustment. 


Try the Steering Gear. 


On the other hand, the conditions of the steering gear and its con- 
nections constitutes a fairly accurate indication of the general distance 
which a car has been run and the care which it has received. Careless 
driving over rough roads will soon loosen the steering gear so that 
there will be a considerable amount of accumulated lost motion be- 
tween the steering wheels and the road wheels. This will not neces- 
sarily be indicated by the distance which a steering wheel can be turned 
before an answering thrust can be induced in the road wheels, for an 
inch or so of ‘‘play’’ at the rim of the steering wheel often represents 
intentional design. This is different from looseness, however, which 
may easily be detected by a firm thrust in either direction while the 
road wheels are on the ground. 

Play in the tie-rod, drag link and other connections in the steering 
gear may be determined easily by grasping one front wheel, holding 
it firmly on either side, and attempting to turn it on its steering 
knuckle in one direction or the other. Lost motion in these connections 
will be readily discernible by the feel of the wheel and the amount 
which it may be turned on the steering spindle without affecting the 
other road wheel or the steering wheel. 


Listen!!! 

Wear of the bearings of the engine can best be tested by an expert’s 
ear when the engine is operated at various speeds and under different 
loads. An amateur, however, may be able to determine the wear by a 
vigorous use of the hand-crank, although the design which permits 
the hand-crank to turn the engine in but one direction limits its ca- 
pacity as to tests of this kind. 
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How Much ‘‘Play’’? 


But little can be told of the condition of the transmission and rear 
axle by throwing the gear lever in high, jacking up one rear wheel 
and noting the amount of ‘‘play’’ possible before the engine will be 
turned over by the movement of the rear wheel. The number of gears 
and universals through which such motion is transmitted accumulate 
the actual amount of play induced to the point where, to the uninitiated, 
it might seem excessive. This might vary from an inch or two to one- 
quarter of a turn without indicating excessive wear. 

If the wheels are left on the ground or the emergency brake set, the 
amount of lost motion in the universal shafts may be determined by 
an attempt to turn the propellor shaft in each direction. Universal 
shafts will wear rapidly if not properly lubricated, and while they may 
be able to give service under these conditions, a knock may be produced 
which an amateur might be unable to locate. All joints should have 
a certain amount of play or lost motion, but this should not represent 
more than 1/4 inch measured on the circumference of the propellor shaft. 
This amount would be excessive for the universal joints alone, but. 
the bevel gear and pinion at the rear axle will be included in the play, 
and the motion will, therefore, be increased. 


Watch the Brakes. 


One of the most important poimts to consider when investigating a 
second-hand ear, and yet fortunately, one of the most easily remedied, 
is the condition of the brakes. There should be at least %’’ or 46” 
of the wearing surface remaining on the external brake band. The 
brakes should be operated to determine whether all the points have 
been properly lubricated and are not so badly worn as to prevent proper 
operation of this most important part of the car control. 

After even the most rigid inspection of the used car, faults may 
develop which could not have been anticipated. This should, to a cer- 
tain extent, discount the value of any used car. But we are assuming 
that any man who makes such a purchase does so with his eyes open, 
realizing that a used car under any circumstances is more or less of 
a ‘‘gamble,’’ and that no factory should be condemned because of the 
poor performance of a second-hand car bearing its name. 


SECTION X. SAVING THE CAR BY CAREFUL DRIVING 


When you take your place behind the wheel of the modern automo- 
bile, you have at your command levers, pedals, buttons and switches, 
which, when properly controlled, will cause the car to do practically 
everything in the form of locomotion within the scope of the three 
known dimensions—and many an automobile driver may sometimes 
feel that he has discovered the mysterious fourth. 

It is within this compartment that Fate determines the age—both in 
appearance and usefulness—that a car shall reach before its first or 
last journey to the repair shop or junk heap. 


Don’t Be ‘‘too Expert.’’ — 


It is not our purpose to offer instructions in driving; we wish only 
to point out the harm that can be occasioned by ignorance, carelessness 
or a too-expert use of these controls at the disposal of the operator. 
We say ‘‘too expert’’ because it is often the experienced driver who, 
through contempt-breeding familiarity with the controls, becomes care- 
less and feels that he is master of any situation which can arise. He 
it is, sometimes, who feels that a demonstration of experience and 
driving ability consists in rushing with full power applied to within 
a few feet of his stopping point, and then, with a grind and squeak 
of brakes and sliding of tires, coming to a sudden stop; who thinks that 
it is a mark of amateurism to be seen shifting his gears on a steep 
hill; who races his engine while idling at the curb, and listens with an 
‘Cexpert ear’’ to determine ‘‘how she is hitting.’’ Such drivers are, in 
reality, far from being the expert operators which they believe, and 
each one of the previously-mentioned traits is an earmark of ignorance 
and inexperience of the rankest kind. 

Assuming that you are a modest driver and are willing to learn 
from the experience of others what constitutes good car operation, let 
us visualize you as you sit in the driver’s seat with your hand on the 
steering wheel; the spark and throttle levers within easy reach; the 
left foot close to the clutch—not resting on it; the right foot regulating 
the accelerator pedal, and yet ready for instant application to the brake 
pedal, and the right hand prepared for the automatic pull on the 
emergency brake in case of necessity, or easy grasp of the gear shift 
lever which, when properly synchronized with the actions of the right 


foot on the accelerator and the left foot on the clutch, results in perfect 
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shifting. In addition we will assume that your sense of hearing, as 
well as of sight, is on the alert, for the ears play an important part 
in the proper operation of the car. 


How Driving Affects the Tires. 


Important parts of the car most easily affected by the manner in 
which it is operated are the tires. The result of incorrect driving 
begins to be apparent in the condition of the tread almost from the 
first, and the man who jams on his brakes, skids around the corners, 
or spins his wheels, is certain to have a high bill for tire repairs at the 
end of the year. 

When your right foot rests upon the pedal, you are placed in com- 
mand of a mechanical apparatus which can cause the wheels to slide 
on dry pavement. Only the most serious emergency, however, should 
ever induce you to stop your car in this manner, and even then you 
should remember that the full braking effect is not obtained when the 
wheels are actually sliding. The brakes are so designed that they may 
be applied gradually, and if you will remember that a throttled engine 
offers a certain retarding effect, down to a speed of five or six miles 
per hour, and will keep the clutch in until the momentum of the car has 
been reduced to that speed, you will find a valuable supplement to the 
delicate operation of the brakes. The man who travels in this manner 
and anticipates the majority of his stops so that he can throttle his 
engine in time and partially coast to rest at the desired point, will add 
thousands of miles to the life of his tires, and will eliminate the neces- 
sity for frequent brake-lining renewals. Furthermore, the habit of 
driving in this manner is one of the best preventives of skids on slippery 
streets, for it is only the car on which the brakes are applied too sud- 
denly that slips and swerves and slides. 


Use of the Clutch. 


Another important factor in tire life is the use of the clutch. The 
steam car has long been renowned for the long life obtained from its 
tires. This is not because of any reduced weight of running gear, 
but rather because of the smooth and even application of power. The 
driver of the modern ear, however, has at his command a device which, 
when properly applied, can transform the impulses of the engine into 
the smooth application of energy to the rear wheels. But the clutch 
may be engaged too suddenly so that the full power of the engine is 
communicated to the rear wheels in a single instant and this naturally 
causes a jerk which is not only conducive to wear of the tires, but on 
the universal joints, shafts and transmission as well. The toe of the 
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left foot of the expert driver should be as delicate in its ‘‘feel’’ of 
the clutch action as are the fingers of the shaving hand of the barber. 
By adding to the engine speed gradually as the toe is applied to the 
clutch, a smooth increase of car speed, or acceleration, can be obtained. 
Here, however, is where the value of a good pair of ears comes into 
play, for if you have a delicate sense of hearing, you can immediately 
determine when the power is being applied to the rear wheels too 
quickly, and when they begin to spin faster than they can grip the 
road surface. Naturally, spinning wheels will never get you anywhere 
—except to the repair shop. 


Don’t Slip the Clutch. 


In an earlier paragraph we referred to the proper position of the 
driver’s left foot as being near the clutch pedal, except when the clutch 
itself is to be operated. If you are a nervous driver, this precaution 
is all the more necessary, for otherwise you will be continually press- 
ing your foot against the clutch and unconsciously letting it slip. The 
modern clutch is designed to transfer the full amount of power without 
slipping, and yet is so delicate in its operation that the slightest pres- 
sure on the pedal will produce a release. A slipping clutch generates 
heat, and this produces wear and loss of power. The clutch is meant 
to slip only when starting from a position of rest, and here again your 
sense of hearing will determine from the sound of the engine whenever 
it is necessary to shift to a lower gear on a hill or during slow travel. 

The same nervousness which may prompt the average driver to keep 
his foot on the clutch pedal is not so liable to result in partial applica- 
tion of the foot brake, because his right foot is otherwise engaged with 
the foot accelerator. Watch closely, however, to note that you have 
not left the emergency brake with its automatic ratchet locked in posi- 
tion, or otherwise you will be confronted with a constantly overheated 
engine and other evidences of undue load placed on the power plant. 


Driving by Sound. 

While it is true that the engine of the modern car, as a rule, outlasts 
the steering gear, rear axle and other parts of the rnnning gear, this 
is largely because the engine receives a greater degree of attention. 
The engine, of course, is the most intricate and involved piece of mech- 
anism on the ear, and it should be treated accordingly. When your 
highly developed sense of hearing discovers decided evidences of labor, 
the spark should be retarded and the transmission shifted to a lower 
speed. But, on the other hand, your engine may be run at an in- 
juriously high speed, especially during what you may think is a “test” 
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conducted while the engine is idling. This will serve no purpose, for 
the same conditions cannot be obtained when the engine is running 
with no load as are found when pulling the car up a hil! or on the level, 
and consequently, a continual speeding-up of the motor while the car is 
at rest is merely another mark of rank amateurism on the part of the 
driver. 


Don’t Forget the Battery. 


You have probably been aware of the care which you should give 
your battery. You have been told that it is merely a reservoir for the 
supply of current, and that it cannot give out more power than has 
been put into it. Possibly, however, you do not realize that the current 
required for starting is many times greater than that supplied by the 
generator when the engine is running. In fact, the engine must be run 
at a charging speed (which corresponds to about 20 miles per hour of 
ear travel) for some 20 times longer than the time consumed in start- 
ing, before the amount of energy taken out can be resupplied. Conse- 
quently, you should prime your engine in cold weather so that it will 
start more easily, and should also be careful that you do not use your 
lights unduly if you are making only short daylight runs. 


Good Rules. 


The driver who realizes that his properly synchronized control of 
the levers and pedals is a factor which determines largely the amount 
of time which the car shall spend at the repair shop is the one who 
ean obtain the most value from his automobiling experience. The 
rules are simple, and they may be briefly summed up as follows: 

Coast to a stop; do not use the brakes unnecessarily. If the clutch 
is engaged and the engine throttled, the drag will serve as a brake 
down to a speed of 6 to 7 miles per hour. 

Do not slip your clutch. Shift to a lower gear if the engine labors. 

Do not race your engine at the curb. If you must test it, do so in a 
garage. 

Do not drive fast around the corners. The better your car holds the 
road, the greater is the strain on the tires when rounding a turn. 

Do not let your engine knock or labor. Retard the spark, shift to 
a lower gear, and have the carbon cleaned out at the first opportunity. 

Do not waste your battery. 

Do not let your engine overheat. 

Observe these rules, and you, as the driver, will have done more to 
keep your car out of the repair shop than has the manufacturer with 
all of the knowledge and experience at his command. 


SECTION XI. WHAT THE TIRES DO 


Do you really know how much service you obtain from your tires? 
Your speedometer may show a certain number of miles that the car 
has been driven since a tire was changed. But you cannot actually 
realize the amount of work done until you take into consideration sev- 
eral conditions. For instance, the tire that is used only on smooth 
pavements and on level highways should be expected to give four or 
five times the service of the one attached to a car which is driven up 
and down steep grades and over frozen or rough roads. 

The tires transmit the power required to keep the car in motion; 
they are belts which carry that power from the wheels to the road. It 
requires 15 times as much power to drive a 4000 pound ear up a 20% 
grade at 20 miles per hour as it needs to maintain that speed on the 
level; consequently, under the former cond tions, the tires are doing 
15 times the work that they are called upon to perform on a level 
highway. 

On the following pages, the power required to drive cars of different 
weights up various grades at different speeds ranging from 5 to 60 
miles per hour, is shown. The zero grade is naturally the level. Under 
these conditions, only the power required to overcome the wind resis- 
ance, with the top and wind-shield up, is considered. Powers required 
to drive heavy cars up steep grades at high speeds which are greatly 
in excess of those found on the modern passenger car are eliminated. 
For example, it would be absurd to conceive of a 4000 pound car develop- 
ing horse power in excess of 150. 

Following the power table will be found several pages of records of 
tire service. One page should be reserved for each tire, and each time 
a change is made, the speedometer reading and the location should be 
entered in the proper column. 
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EVERYMAN’S GUIDE TO MOTOR EFFICIENCY 


POWER REQUIRED TO CLIMB VARIOUS GRADES AT 


VARIOUS SPEEDS 
Copyright, 1919, by H. W. Slauson. 


TaBLE I—2,000-Pounp Car. 


























ee Speed in miles per hour. 
Grade. 5 10 15 20. 25 a0 40 50 60 
0 xe ) 1 3 5) 8 20 39 67 
5 iL 3 D 8 tM) 16 all 02 83 
10 3 6 9 13 18 24 42 66 100 
15 4 8 13 18 25 32 ba (2 115 
20 o igh Ny, 23 31 39 62 91 130 
25 fi 13 21 28 eit 47 72 104 145 
30 8 15 24 33 3 54 82 116 160 
40 | 10 21 aL 42 54 67 100 138 186 
50 12 24 Die ol 65 80 116 159 
Taste I]—2,500-Pounp Car. 
Boe Speed in miles per hour. 
Grade. 5 10 15 20 25 30 40 50 60 
(emma oy So a 
5 2 4 6 9 13 AN 33 45 91 
10 3 7 11 16 22 28 47 73 ~=—«108 
15 5 10 16 22 30 38 60 S926 
20 7 13 21 29 36 47 72 104 145 
25 8 16 26 36 49 56 85 120 164 
30 | 10 18 30 41 51 65 Tie wes oe 
40 | 13 26 38 52 67 627 119 7 168 
D0 115 30 45 63 80 98 140 
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POWER REQUIRED TO CLIMB VARIOUS GRADES AT 
VARIOUS SPEEDS 


Copyright, 1919, by H. W. Slauson. 


TaBLE [LI—3,000-Pounp Car. 




















merce ee 
es Speed in miles per hour. 

Grade. 5 10 i 20 20 30 40 50 60 
ee ee oy 
5 2 4 i 9 15 20 36 58 91 
10 4 8 13 19 25 32 53 80 116 
15 6 12 i$) 26 35 44 68 99 138 
20 8 16 29 34 44 9D 83 117 146 
25041 10 20 a 41 53 66 98 136 183 
= on 22 36 48 63 ik Ll e Lb 
40 | 15 32 46 62 79 O77 139 
50 | 18 36 56 74 95 116 164 

Taste [V—4,000-Pounp Car. 
iaen Speed in miles per hour. 


Grade. 4) 10 15 20 25 30 40 50 60 





0 sy 3 1 3 4) 8 20 39 67 
D 5) 5) 8 13 18 23 41 69 99 
10 5) ati AlerE 24 30 40 63 93 132 
15 8 16 25 o4 45 55 84 108 162 
20 lay 21 30 44 57 70 104 148 

20 13 26 41 54 70 86 124 





40 1300 2 61 82 104 128 
dents «736 99. 9125 
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POWER REQUIRED TO CLIMB VARIOUS GRADES AT 
VARIOUS SPEEDS 


Jopyright, 1919, by H. W. Slauson. 


TaBLE V—5,000-Pounp Car. 








Percent i i 
oe | Speed in miles per hour. 


Grade. 5) 10 15 20 20 30 40 50 60 





3 Leo. dD 8 20 39 67 
9) 3 i ih 16 21 27 46 72 ~=106 
10 7 14 21 30 3g 48 74 106 148 
L530 20 dl 42 o4 67 100 138 186 
20 13 26 41 515) 70 86 124 9169) 
25 16 32 50 67 86 105 152 
BO 19 36 59 80° 10 22 
40 | 25 52 (cy ay 
90 | 30 60 whe 9 2s 








Taste VI—6,000-Pounp Car. 





of Speed in miles per hour. 


Grade. 4) 10 15 20 20 30 40 50 60 





Ue 3 1 3 5D 8 20 39 67 
5 4 8 13 18 24 ol 56 fick pale! 
10 8 aly 25 30 45 56 85 120 164 
15 | 12 24 37 50 64 (2° TItoa Steer 209 





HOME-MADE METHODS TO STOP THE CAR THIEF 





Moving ignition wires to the wrong plugs to cause mis 
firing in two or more cylinders 





A break in the ignition circuit and a 
switch plug placed in some unusual place, 
such as under the seat. 








Using a padlock to hold the steering wheel so it cannot 
be turned. 


Using a  pad- Removing the 
lock to hold the rotor from the 
transmission in timer and replac- 
reverse and the ing the cover. 
starter pedal in 
“off” position. 


IDENTIFYING YOUR CAR BY SECRET MARKS 





Conceal your card in a small rip made in the upholstery. 
The upholstery can easily be sewed together again 





A few scratch marks vu we vasoline wu 
gage will escape notice of the thief. 








The inside of the filler cap is a convenient harbor for 
several secret marks. 











A few prick Making 2a few 
punch marks prick punch marks 
on the inside of on the underside 
the hub cap will of the front axle 
identify a car, where they would 
not be noticeable. 


ot Ho aaa reget cored he $ SOD [PIOL seeeees es e& ori dod 4s0Q OAL, 


SO) 0 ti By Min et 8 ORR Oy ee a a Se $ voll dg 
So oo coc aoe oe ¢ satedayy b dieiaiereleiesio, ss > OeVOLL Need Ot; 


I 8 Seed Oe 























u 
areday (ajqnory, JO asne/) ) aseolt| ae 2 TWOTPISOG 
JO 4sO) See a qojowopoedg i 





Fok Tee ic Have fe tacae NOIR e Un ono npg Neh Suey sient EYARS| BA On mea eae aan aT ECGS SK agi, Si or eCOPICAC ICI CASO ICRC SCIECICRCS SCORES 1241) 


sauvdg aNv avy wnox 40 Gulp, HOVOT Wou UNVIG dxoodyy AN() as () 


qyoodd WaLL 


PMC LEH TU NEY. eg ee ee ee ee en ae ka $ et tod ysop oary, 





Ce ee leet Aen CK Tat eC Be Ye I 


$ avg 
$ saredayy © © i606 (6,0) @ 6 8.106 8) 6 6 doRoTTTT [e190], 
SS esr uses seeisernseesemmeemene eee eee ee ee 


SPs Le (ei \e[e je @ felieiiece46; hls lie. « 














I ee 














u 
Ireday (aqnory, Jo esned) asvarryy aoe ? UWOT}ISOg 
JO 4so9 SYIVWAY Jajamtopesesdg a5 
a eee ee ee 
ot 5 a is 16" sate fel \ao.e w ialiw isl je).0\ wirall si s)Ke (seul el in al els rater aiieniel ef ets)ia eal silehentanahel atieue dg CIO SOC OE OOOH COM OM tO ih i Cer OO ae BL) Gam Oeoioes Cuiery ch ons poeseyoing 34eq 
See Se laeNev ae Fe waa ue soca mere os SR ae SC hay fn a ec Un Ars sc per. Sone epee 


Sduvdg INV UV) YAOX AO GAL], HOV WO UNVIG GUOOTY ANG ASQ 


Guoody AYLL 


Se ibater Cano cel tcke g IsoQ [RIO], Salle 32a OU dod. 98G1) edb], 





BO aS) ey tes wt ee eel Oe ede Oe $ doll dg s 
































areday (aTqnoay, JO esney ) doRoTTIN #0 ae TOT}ISOg 
TS pee Oe ea i ates Clam one ee Poe icra. One rte MR ea ee us Oa ois, Sua 
apc OE DEAR CRORE TROD OE ORL MCS IC A = eee oe uae ag 2 OU eo p say SC CSS 1-5 


SsaduvdS anv avy anox Ao Gulp, Hovo, wou UNVIG aHooOUYyY ANO asf) 


quoodd WahL 


$ 4soQ [RIOT seeseseee cd orp dod 4so9 aLy, 



































Sees) eee Oe eel els, @ 6.6: 2 § 911g 
ee seco Che 6a 6.6 8 9 «6 6 $ sareday © (eee) e) 6. 6) 8):s: © ee 16..8 (66 ISROTTIN [#10], 
iv 
qreday (9TqnoLy, JO vsneV)) oSvarryyy HO 0 WOTIISO 
JO json SYIRULaY ; aajomopaedg 
Sts Bie as at VIGO rely hear eevee G9 Weareg tice BO oe ore er Te ST gee ee QI 11 te hese Sree elec ee sere ces ust ess +* Hosepoanag SEC 
Mice hon Cy ce Oks, BAA. Sea aha cee 2 1 CSCIC) Gach 69 | te SOC SOCEN 19 


sduvdg GNV UVO YNOX AO AULT, HOV YOd UNVIG ayoOaYy INO AS 


QYOoudH FULL 








18: 
es Le Ja OD eee sandy HOT aM 
1t; 
ool ied Oe Dat (22M... saad Ber ae 
189 
pens] ete sul oat a nuepaene 
itd 
fa a Ke i ed AH audg, sate song 
SOT epPVyy suds 
qo 
— — tH nip SoM Barz08IS 
feed aed Bae ea 
“‘y1eg jo suey 
pats 
Feel oe) (S208 oo ee-gautdg ory a9 
=== eee 
Soo fifo ams a 
fo Ped a juoggy "77 Beds MOAT qo 
syog eppeys suLidg 
aes eee ee : wee veceseecgpponuy Su101g 
Fret aa ee eae CR DOO ROG OOOO OO CO 1 Tao 2 6 
DO8Z OOLZ 009B 00SZ 00FZ 00ES 00S OOTS 000% OOGT OO8T OOLT OOST OOST.OOFT OOEL OOZE OOTL OOOT 006 008 OOL 009 00S VOF ODE 008 OOT (‘poyeotiqny st yaed ways 
Borie) 1G Ne asvolmm Japun (A) yoo4D) 


(Zurpeay ssjawopsedg) : “‘yleg Jo ouleyy 


SUTIN 0OL AUHAA 


Butmol[oyy aq} yoodsuy 10 [iQ “eseern 


duOoOaN NOILVOMMANT 


«MIVddY FO UNOH NV HLYOM SI GUVO HO ALON V,, 


feossoss camped TT Jeo 





t eistetatele *-Zuridg 4ysny v8 
sete cence auidg Tor] QUOI 
pialencloler® suudg 3ysIYy Wor 

SHOT EPpy Surdg 
gt eo appnuy Suts091g 


i 2889 yuelp 
‘yaeg Jo omen 


eee: Bundy yor] sw3y 
Sicrale, oletore 3u1idg ‘qs ref 
eee soe suudg ayy ju0Iy 
+ -Gunidg Sty yor 
Sod eppeus Sardg 
appnuy Suld9aj§ 


settee eee eee aseQ yqueigQ 


- one “0002 061 008T OOLT 00 T 0 GT. 0 8 OOL 009 00S DOF OOE 002 OOT (“poyworaqny st yavd wes 
008% 00LZ 0092 00SZ 00% 00ES 00GZ OOTS 0002 00 0 9T OOSL.OOFL OOET OOZL OOTT ODOT 006 00 aBeorm xopun (AL) 30009) 


OBIT 
(Zuipeey sojamM0psadg) “peg Jo omen 


SATIN 00 AUDA 
SULMOT[O ay} Joodsuy JO ‘[IQ ‘aseary 


qdyoodd NOLLVOIMANT 


«UIVdaad JO YNOH NV HLYOM SI AUVO AO ALONIN. V;; 









oe |e eat satel eiulwie)s.<\ecersls/sieala s3 


bets 
-1e3g, ay aqeig [euoyxg 






i 


R=] 
= 
fe 


ae seat -1eag anes) ayeagl 
HN i, 
ac Nae | Ohare ean WSHIS StAstD poy ae eux 
in a eee me 


YS) SAID poy oyBlg [eus0zUE 


Bese i 


tess s-qreyg ayeig Louss10u GR 


I noaem 


» 














000°ZE O0S‘IT O00TE 009°0T o00'0r 0086 0006 00S8 0008 00SL 000L 009 0009 00SS 000S 0DSh 00h O0SE 000 00SZ 000% O0ST O00T 00S (‘poyeorsqny st jared Woy 
esBoTlIN asvopiur Jopun (A) 42049) 
(Surpeey t1ojoWopeadg) “yang Jo oun 
SHTIW 006 ANHAL 


Zurmoy[og oy} yoodsuy 10 {IO ‘esvorp 


qyoodd NOWLVOMant 


wwVvVddy JO YNOH NV HLYOM SI WAVO AO GLONIW Voy 





‘Sees ssfativag: Jaziyenbg eyvig 


ch ela fpr ee OC estes - S3ul 
qySIY) vag WeD eyVig [eUloyxq 
Tue Ig [POPC OOOO CASAS OL OF III 


Jysiy | -Iwegq Wey syeig [euslozUy 


either occa ohms ey 
SYS TAO poy yerg [eUIIxXGL 


Aroryeetee ses Pane eet 
WFIYS MAIO POY org [eus9jUy 


resrseees-qzgug ayeig AouosIoWgy 
eration shear ate re Pary “ageus Teped %yeIg 


sade wee eoe “4yyeyS [eped yni[oO 


1¢2 


Be quoayy § 


en eee eee eee eee 


000'ZT O0S'IT O00'TT 00S'0I O00'OT 0046 0006 00S8 0008 002 0002 0089 0009 oe 00Sh O00F O0SE O00E 00S 0006 OOST ODOT 00S 
ooo (TAL 
(Suipvey s1ojouopsedg) 
SATIN 006 AUMAU 


BUM], 94} Joodsuy 10 ‘[tO ‘oseary 


quyvoodd NOILVOMEnT 


wMlVdaed JO WNOH NV HLYOM SI WAVO AO ALANIW Vi, 


(‘poyeataqny st yied way 
aseottm topun (A) x24) 
“qaeg jo omen 


DBO 
(Surpeay atojeuopeedg 


000‘SF 008‘Zr 000‘0F 00S‘LE 000‘SE 00S'ZE 000‘DE 00S‘LZ 000°GS 00S'ZZ 000'0% OOS‘LI 000'ST O0G'ZE O0O'OT 00GL 000S 00% 
) 


SATIN 006% AUAAT 
SUIMOT[O,T OY} Yoodsuy 10 [IO ‘osvaryH 


qdvyooud NOILVOManT 


adlVddt AO UNOH NV HLYOM SI AUVO AO ALONIW V;, 





Jajamopeeds 


sepsisnchor * UOT] 
: meee Loe. eee * sjUloP [eSstoAlUp) 
}UOL YY § : . 
Be otto svete eceeraier eels jeruoaaytq 
eer Feseeeeessees qorssrusuRry, 
2 oh "o> * QSBO ABOH) SULIID}G 
mretaiioteyefonehateseie bees eee eeeees gout, 
SROR aig tescoursis eae? . 
jUOdyf J T9}LLYS 
SEO (eee Saas 
quot | 10}BAIUAT) 
WONT peers ; 
ary | ssulreag [204M -1B0%Y 
IOUT (Ceepeteteee 
ani ssullvog JooyA\ PHOT 


(‘payvotaqny st yavd way 
advo Japun (A) xo2q9) 
‘ped JO oWeN 


INDEX 


A PAGE 
ANIARUStErSe arena ae emaci nitrile 82 
INAV ANCECIES Dalmay aaciele clei esis satis 83 
[AAP COON Sate aisiels o eieieinoneetianroneee 126 
Ure PEESSUne) din) LbeSe-l ie sian 237 
ATHIMELEE As soi toa etietiastcmtamtete tarmererat: 144 
A TINALUL ET enacuarstainsucesat aren neni. 152 
IOS ooganoonoacocooGcobbateveden de 193 » 

B 
Babbitt 2udtic laces osteo nose eens 4-19-28 
Ball-and-socket joints) <-.0-2 see ee 227 
Batteryeeravitys sm. cc serene: 147 
Battery -tést:% 3, cate sis acca se oimeaionecles 147 
Battery voltage. «eres 147 
Bearineemectalsieemeceeecerec nea 19 
Beanie Wear: mraccusccareie ns tevanty ere 4 
Bearings) ie fee cress steer 16 
Bearings Adjustment ot--neee ee ean 21 
Bearings. low tomnarkeeensieree PH 
Bearings Hlowatonnemoversem sane 30 
Bearings, looses Eitect OF saqsea een 18 
Bearings /oteering rc catemeeerer ener 226 
Bevelseears Sincccmen: cetera 198 
BIOWsOuts: ae cacertne acrlstinene eee Pas 
Bodyapolishessausey seems cece aaa 247 
IBOlistety paste vanetesy tan tact aet cia ran teins 137 
Biralkesteennmas paces ita ae ers 213 
Brakesm Nd jtistmentronesscmarrertastts 217 
BRONZ ey ate fae hone aeons 19 
Birashrestetacck tactic: toc ee eee ee 92 
BipshesmelowatOmitacm nite erie 155 
Bipushes eStickite mene eects 153 
Biuckledibatteryeplatesiaen sas cent 149 
laxoiclanbaver seernenell Worella oganocndnoocane oo 
Bushing Saankes eto Gi renee 20 

C 
Canis acoresesuiiinian ns llegar almer 55 
Cantileveresprinesimn eerie 203 
Garbotie- gts a aee cumin orremion thers 106 
Carhonm@ausenohis eee enon 4 
Carbon) howatt accttmulatess.... eee 39 
Carbone prevyentionenrr renee eon 39 
Carbontremoayalleemeree ret ite 40 
Garburetors pads on ton ate ee ee walal 
Carburetor, Double-jet principle...... 115 
Garbitnetors Ditplesmecnn ene TAL} 
Carburetor, Multiple jet ............. 117 
Castellatedinutse roma eee 68 
Castile; soapmearcrs cane ent ere 248 
Chains wlinnitio an erercie tener eee 74. 
Checkvalviesitmaurncme.ce sheen soe Laheg 
Circulation of cooling water......... 128 
CixcuwlatiiespunipsEee eee ere 131 
Chinchersrimsegen eye eee 231 
@lutcheswrn en eet ieee coconns ARE 


PAGE 
Clutch facings, Renewal of........... 170 
Coils! S.Gaeer nna eee ne 82 
Coils Carel oft. eo eee 96 
Cold weather battery care...........- 148 
Cold weather lubrication............. 13 
Coldiwedtherctanting a etenreent en eee 144 
Commiititators gannnetee ae ee eee 154 
Connecting-rod bearings ............. 23 
Contact points, Adjustment of........ 91 
Controtileyers acco ieee 228 
Cooling. 5. uate iene eee eae 126 
Cord: tires) caantaerasen ce te eee 231 
Corkunsertstar ae, ec eee 167 
Counterbored ‘cylinder 24.5242 -060ce 23 
Cylinders. veante. tere eee eee 36 
D 
Differential 27. cecire toe wane aoe ee 184 
DiTectidrivie vow mecie ee cane 175 
Dise.clutch¥ya sane oto eee 167 
Dovertailtkeyare es ace eee 73 
Drivedtor neat cs] owe eee 194 
Diving hintssee ee eee ee 281 
Driving, how it saves tires..........- 241 
Drums: Brakes sees i eae ee 215 
Dutchman Sac. ose eee Bo 
E 
Electrolytes in aur erence 137 
Bllipticsspring sae eee eee 203 
Enamel ‘polishieepeeeeere Ree 248 
DyreAiNS EIS , WREIRE G3 co wad Scboouars 219 
Equalizing both ibralces sme aeeeennr 218 
teria lib ralkieste aes ie ae alley 
F 
Tans sj tertieons ce anton eee Te 13 
Bierce solutcheny. ie nh een eee 169 
Files ocr eee tcteert oe eee 272 
Finaltdrive ss: cate ere ee eee 197 
IshbAS, CRAHHARENISIMORS Accu aroaaccoocous 275 
Flexible disc universal joints......... 196 
iP loat heed acn cee v get paar eer eee 1, 
lishing sthesbatternypenmeeee nee 145 
Bronte wheeleremovalaneeeneneeete 192 
HuelSheeditcystemseemeaneneneeerine 120 
I sloeawekes BMS Gadpooncoacoaonanec 188 
USES Soe aien eee ee ene 163 
G 
Garage Llowatosplanica waarmee sires 266 
Gaskéfsstenatccen tee rae en eee eee 42 
(GAVE EVOUIUIU ONE sag goccocecocwabeoer 199 
Gear Master irr aie eee eee ee 198 


Geareredtctionmennaimniniitnn tnt imei cC 


CeATSCLS amor hte inleriripe Terres alo ahace srotninveie 
Gearsetaliihnicationunrcuca seni aan can: 
Gearshitowe tia: neice ey te eh cats 
Generator ennee sca weit imo oo rats 
Genera tO iti Catlin neni seas 
(Graclegtablesmarass ca oavuc oso cei: 
Grind inmaeey aekganet ene fone someone 
Grindstone bench for garage......... 
Grippinsechtehes: wae ene sieves: 
(Grou di nicest anctweis d onsvsverelorse eceee ors 


IER! scrbadtoblna qa Ene ounce one emoounne 


Eleadhiohts: Elow to focus... ......<:.- 
leat Oamace Otensens te \niaemnorl 
HiGatin omiroma uspark esc .eiaeee nen 
liah-tension current .. 3... 604. 04 4- 
ELOUSEIM Ota Chol Gwen fenvesnesi ett ae sreerirotere 
Eloneycomb) GadtatOtges cece ssacee < 
ELORSE=POWeDEtADLES i crt sin ils aetersteces 
[ERS ey ale ks -tas Aodt ptes Ae aren Res Oeecrree 
SIGCSE teh 4 comenacoubo oe eoponers 


liseli stereo 2 ea Aiaine SOR Oeos oe Wa TCO oRror 
Ignition, Open-circuit system of...... 
intern alubtakcess. pacwrtssetace 7 ey ese 
IbNGSMAEOWI ES Seoonocenohouaeodonoan es 
Irreversible steering gear............. 
Imsulationm eee: «cera cies ne 


GRIMES. Sarto spedsrcocmoe rnp ouenuer 


eycumlowato celitere mec cee 
(Gi, VARNES GMS odonone se oubos doc cx 
INGE, NICERIE tins c ooocovocounucascons 
Gites s4sSunuacodotopouuog pope cdr 


LenS doanguoshndoomessdonun7d60 200K 
Wensese @aren Ole triste ct esedlelelerele ter 
[Lsralanitate: GHGhieianel oo pop poouenadgss oon. 
[istetires IBigI MCS mono coccecurmamooeceT 
Lubricating systems, Necessity for 
Clean omen en nm aoe er ee erer nee 
Lubricating systems, Types uf....-.. 
ILGHNeteNEOIN Ganads daacaoe co qabomosdupe 
Ieabnication ms Gteasemn erie cel it 
Lubrication, Heavy-oil..............- 
Ttibricatiom yon -2earsetan eee eer 
Lubrication of steering gear......... 
Tenbrication neCOndS, oe eile tel eert 
Meighbrication SySteimlSi a... erect 
Wubrication, thin’ oilS-c..4> 4.000000: 


M 


Magnetos, High-tension ............. 
Magnetos, Low-tension ...........+.. 
Magneto troubles ......--.-.«-+.++- 
Mio hainmtOps maieridstt iia elelere 


INDEX 


16 


N PAGE 
INKS IH LoXohueCOnsl Gen oaiman aceon OOS bOnoon 248 
INecdlervalwiem arcsec acti et es 112-115 
IN@ISGe CAUSEsOt wacsataten aioe pieiciie sitet 257 
O 
OPS Diltttiansotaemecun taste 5 
Oil Sauoese nics acter tes smrierusiitess 3 
Oilsholestine pushin sans attic 34 
Oil, Necessity for changing.......... 5 
Oil; Prevention ot excesss a... ote 14 
OvHlae Alsttele ark cent cin ot Salerro rene tes 2 
One=witersystenmecns nate: 163 
Over-heated bearings ................ 25 
P 
Packing, Care of pump shaft......... 132 
Paintin @sciac onee e orleeineaete ic a Zo 
PatCHeSte mio oten ee ne ster eesreverechrran ates 239 
Rineldowato iniaketaacs- stare 260 
Rinselapencedimmrrnccirrr rrr tect 68 
LESH OSU Scnechevonievel Gale SOHO DCR GC RENO FOSS 36 
Rastons es Groovieda weniieersc iirc 14 
Pistons: Howto) installesss eater 48 
Piston rings, How to apply........... 48 
PXSkomn rabies, [HOW HO Ulan coonnnaooooc 46 
Blanectany ecanseteavsemris scram 178 
RlatestBatteny: nse iccetc recs cere 146 
IDeynionmon perches) Gioodoaocabaonceans 203 
iP osreantialore, (Orie OF Bannnedhobsccos 4 
IPRessuresm Oller etcetera 1B 
Progressivesgearset wens er 176 
[eyrayovelre Gio! Sooageaosnoacnneaonos 197 
Pumps, oil, Types of......-......-45 10 
PuMGtuness murderer tovertcrorateaveterraret as 239 
Q 
OWietenunning epee eee ere to 257 
Ouick detachable rims 7.77.4... -- = 234 
R 
Radiators aerator iar. 129 
Rattles, Caiser ol aeutusernte err crt 257 
IEE Cds) waonaedepodordeononnaoods 188 
levsikrewores, (CAiRe iin pooccoovcng posanc 162 
(ReliaimewDhalces areas aie ele erator 219 
Removaplemtinisyemse ace lontietee rier 236 
Retardediespatloo:-crmciiclrste lastest tial: 838 
Reversible steering gear.............- 225 
ARTITle CULES de rine ee caiocin esis rieichlee 238 
[PUR anon OMe na tcicacomamnorro moe ede 232 
Ss 
SPIGA CEI a oo oonoondaod odo oOnoRE 94 
Sparel IbiQdeae jananasonodooosandceouT 238 
Sand, How to run through..........- 243 
Scored cylindets amie as setcrterelcreres rs 36 
SONNE) 4 podioinas Doon voNveod coomomaad 28 
Seraping bearings (..+-.0-...5 eo. set 27 
Sryopae I neMaMel (C2 caonougaonnauso cone 277 
Sediment, Harm of, in battery....... 147 
SarAbiee onannd00 0 d0bnKoodooDoOMRNAE 4 
Satqaal jGHonG" ooncdoododduoddoondah< 388 
Selective gearset ..... Syed entra diaieke COO 174 


PAGE 
Self-locking differential ............. 186 
Semi-floating rear axle.............. 188 
Service prakesas we cmeniacii ent meine 215 
Shatt brakes fvarga ddnetrrme ete ne 215 
Shalitsimo ey tere eer 16 
SLarhie waceyaey IMC! VWOocbacoanouneaccds 180 
Sins Meee heen Paes oe en ee et: 21. 
Shock absorber, Noises in............ 263 
Shoe brakestis tutte trope 215 
Short circuit smeereeere Hiei 154 
Shope circuits bests wots eie tient: 104 
Sioqiqnigices, IREKahENGOK Gooononeusnounyoue 134 
Sleevervalviest eemen acre aeenrie eee 61 
Slipcovers eerie eke eee ee 250 
Slippinevelutch, Cunelonenn ease eee 168 
SMOKeur LOM enol em eerie Py 
SoapSaemacr Be teherec aan enPernG eI 248 
Spark: Gaps onsen tn acene oe 101 
Spatk gap adjustments. ....0.2-6 26) 103 
Spark plug, dhest forleaking sce scee: 105 
Sparks pligse Aan ace ce eee 101 
Spark plucs roubles wacltesee seer ner 102 
Spiralgbevelscearsmenseconese eee 198 
Splines. ces See nee eee ee 174 
Spring boltsst sean ee Eee 205 
SOAP [ASME oo oo0cnonddcanvancas 206 
SPLing eclipswesrey rer tere 204 
SHRINE INESS ooo onoscnnoonnoeescen 205 
Spring leavesme pare nC eke eee ee 206 
Springs.oilsarey ee ee ee 204 
SPUME Se Acer nea ene 202 
Splusss Wubricationvoteseeeneeenen 206 
Starter, consumption of current...... 141 
Starters gas asa a eee 152 
SUSSAINS HEE oo sdb oooodocedanaouaawe 223 
Deering cll caer eae net eee 200 
DloOragellbattetyarns er erie eee 141 
Substitutes ior leather ----..-.4940.0. 251 
Switch, Automatic ignition .......... 88 
PMIChnonoussvibtatton lee 262 

gh 

Tat emoval Oly alyssa meme e 248 
Temperature, Regulation of.......... 132, 
Dhettupreyentions = si) eee eee 290 
ihermostats menses cq en ys eee 133 
ANNAN GUNS. Sour coo ao nonnpesccasec 177 
HimenmGonstncction ote a eaeeenn 87 
ADS Stroy ace A elect ans ae icteric: 82 
simingy oeaismeet ee eee 67 
Migs sxe omnnoSeepoddnend neon whe 291 
(Pites#an. cen ate a eee 230 


Tops 
Torque tube 
Tube, Pinched’... ce eee er eee 
Tubes, Ditferent*sizesot neers 
Tubes, Inner 
Cnibilar radiator 


606 6 014 5 010 0 os) 6 0 6 00s 6 slelere 


“U” bolts 
Underslung frames 
Wiiversalls..ot sayarsetetncere oR ae ee oe 
Upholstery 


V 
Viacutiiny feed! systetis aes ee eames 
Walve adjustienta meena 
Weiner bina oo oo onbonouoonanconone 
Walve grinding, Dests for.....-5....- 
Valveditters spate en oer eee 
Valve rollers 
WEIN DAMES? 5. G5 naacccsarcnocanssss 
Valve stems 
Wealventiniin cen nana tee es 
Malviel Sine. eer. aoe ee 
WalvVies: taavecn teint ete coe 
Walvis) eAviciliaisysectrams yee eae 
Walves Reasonsntony ys. eeeeeee 
WiSinbR TEINE ooooadncccocoscsousoor 
Vibrators) s.qtosnesee te on eee 
Vibratons; Care: otaes ene eee 
WSO yt ae ap et ot Paes reese ale ce 
WASeyuSed ash Dp ness sera 
Via ty PERCY IInd er See ea tenn 
Vulcanizing 


Wal SHIM G's ach reper ee sca eee eee 
Water cooling ee ee eee 
Wiaterninecacoline ser eminem 
Wear, Distribution of, in bearings.... 
Wehteels ns scrs ein te ee ee 
Wheels, How to line 
Wheel puller 


oy8.io\\e\ #) #1 exe) ¢) e)/al (e\fe e)-aiKe! 
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essential to every motor car owner and driver— 
The Motor Department of JUDGE goes a_ step 
further, keeping you informed of new refinements and 
developments in motor car design; of new and improved 
accessory equipment: of the big? news of the Motor 


World. 


dee BOOK supplies the mechanical information 


In addition, this Motor Department gives suggestions 
and hints that will be helpful in making one a better 
driver, a skilled and efficient operator of any car. 
JUDGE’S Motor Department furnishes subscribers, 
without added charge, with touring information, with 
advice in the purchase of a new or rebuilt car, with 
expert professional advice of the highest cahbre on 
any topic in the automotive field. 


This Book and JUDGE’S Motor Department, together, 
provide a service of extraordinary value to every owner 
of a motor car, a service that costs but a few dollars, 
that may easily repay its cost within a few days and 
will earn dividends every mile you run your car. 


Whatever you have invested in your car, whether 
several hundreds or several thousands of dollars, should 
as a matter of good business be made to yield the max- 
imum amount of utility, comfort and pleasure. ““Every- 
man’s Guide to Motor Efficiency” and the Motor 
Department of JUDGE will go a great way toward 
accomplishing this result for you! 
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